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INTRODUCTION 
Vinal (1917) was the first to report the European corn borer as a 
pest in the United States. The insect was found in sweetcorn fields in 
Massachusetts in 1917; however. Smith (1920) investigated possible sources 
of entry into the United States and concluded that broomcorn, shipped 
from Hungary or Italy between 1909 and 1914, was the most probable source 
of infestation. 
At the time of its discovery in Massachusetts, the borer was de­
scribed specifically as Pyrausta nubilalis (Hbn.). A voluminous amount 
of research was published under that species name prior to 1960 when 
Marion (1957) placed nubilalis in the genus Ostrinia. This change has 
been accepted and recent literature appears under that specific descrip­
tion. 
Vinal and Caffrey (1918) conducted early studies concerned primarily 
with the biology and life history of the borer in the vicinity of Boston, 
Massachusetts. In their studies they found two generations annually. 
Spencer and Crawford (1923), while investigating the borer in Ontario, 
suggested that a separate introduction occurred in the Great Lakes region. 
They argued that the borer source in the We11and area of Ontario could 
have been from transported infested corn. Their argument was supported 
by observations indicating that only a single generation annually 
prevailed in their area whereas multiple generations were found in the 
eastern United States. Caffrey and Worthley (1927) also reported the 
discovery of a second infestation in 1919, in the western part of New 
York State, along the southern shore of Lake Erie. As a result of these 
differences in life history, the borer populations of the Great Lakes 
region and the eastern states region becaiae known as the single- and 
multiple-generation strains, respectively. 
Over a period of many years various workers [Caffrey and Worthley 
(1927), Barber (1928), Arbuthnot (1944), Beck and Apple (1961)] have 
conducted research and reported anomalous results in the voltinism 
behavior of corn borer cultures originating from different localities 
within the distributional range of the borer. 
The objective of this research was to obtain laboratory and field 
information on the behavior of F]^  populations of borers whose parental 
stocks were collected in various geographical areas throughout the 
midwest and to determine if differences in the generations were 
indicative of the development of strains of the corn borer in the midwest. 
REVIEW OF LITERATURE 
Many research workers have published the results of numerous studies 
in which the European corn borer, Ostrinia nubilalis (Hbn.), was the 
experimental animal. Since the nature of this research, investigating 
the occurrence of biotypes of the com borer in the midwest, could be 
either directly or indirectly associated with any of these studies, any 
one of a large number of authors^ could be quoted. However, since Brindley 
and Dicke (1963) have written an excellent review of the significant 
developments in corn borer research, only papers by authors who reported 
strains or whose work was associated primarily with strains will be 
reviewed. 
Numbers of Generations of Corn Borer 
About two years after the corn borer was discovered in the United 
States, Vinal and Caffrey (1918) reported two generations annually in the 
New England area. Spencer and Crawford (1923) and Caffrey and Worthley 
(1927) reported a small, partial second brood of the borer in the Great 
Lakes region, near WeHand, Ontario and along the southern shore of Lake 
Erie in western New York, respectively. While Smith (1920) pinpointed 
broomcorn from Hungary or Italy as the source of introduction of the borer 
into the eastern states. Barber (1928) conjectured that the New England 
importation might have been in hemp and the New York infestation in broom­
corn. Barber's conjecture was based on interesting reasoning. Hemp was 
inçorted from Italy by a cordage factory in the vicinity of Boston at the 
approximate time of the initial infestation in that region. He pointed 
4 
out that if the infestations in the two areas had arisen from separate 
importations of different ho&c plants from two geographic locations (i.e., 
broomcorn from Hungary and hemp from Italy), one could better explain the 
fact that the New England population was a multi-generation strain with a 
variety of host plants, whereas the population around Lake Erie was a 
single generation strain with corn an almost exclusive host plant. 
After the initial infestation period, populations spread westward 
and southward. Borer populations and damage peaked between the years 1925 
and 1927 in the Great Lakes and New England areas. After a period of 
relatively slow nsovenisnt between 192? and 1936, the dispersal pattern 
showed that the insect spread rapidly. According to the Cooperative 
Economic Insect Report (1960), thirty-nine of fifty states had reported 
infestations by 1959. The distributional range at that time extended 
from the New England States to the eastern portions of Montana, Wyoming, 
and Colorado (east to west) and from Canada to all states bordering the 
Gulf of Mexico, except Florida (north to south). Peak populations and 
damage occurred in the central corn belt in 1949. 
The initial infestation of the New England area was bivoltine while 
that of the Great Lakes area was univoltine. Indications of a small 
second generation was observed in the Great Lakes area in the early 
twenties by Crawford and Spencer (1922). Bottger and Kent (1931) re­
ported a bivoltine tendency in southeastern Michigan and a partial second 
generation was observed by Ficht (1936) in Indiana. 
In the North Atlantic area. Pepper (1936) found a single generation 
population in the northwestern counties of New Jersey along the Delaware 
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River and a two-generation population along the eastern part of the state 
from Cape May County to New York. 
The first published report of three generations annually was from 
the eastern shore of Virginia by Jones et (1939). Later, Eden (1959), 
and Peters et al. (1961) reported the percent pupation by three genera­
tions of corn borer in Alabama and Missouri, respectively. 
The bivoltine form of the borer contributed to the peak populations 
and damage observed in the central corn belt in 1949. At the present 
time in the midwest^ , one complete and a small partial second generation 
occurs in Northern Wisconsin, Northern Minnesota, and North Dakota; two 
complete and a partial third generation some years in Iowa; and two, 
three, and partials of other generations in Missouri and farther south. 
Diapause: Governing Factor of Numbers of Generations 
Diapause is defined as a state of arrested development which is en­
forced by a physiological mechanism rather than by concurrently unfavor­
able environmental conditions. Many insect species have a diapause 
T^his information was given to the author by: Dr. J. W. Apple, Dept. 
of Entomology, Univ. of Wise., Madison 6, Wise. Black-light trap catches 
of corn borers in Madison, Wise. Private communication. 1964; Dr. H. C. 
Chiang, Dept. of Entomology and Economic Zoology, Univ. of Minn., 
St. Paul 1, Minn. Census study of European corn borer in Waseca County, 
Minn. Private communication. 1964; Mr. R. D. Frye, Dept. of 
Agricultural Entomology, N.D. State Univ., Fargo, N.D. European corn 
borer survey in North Dakota. Private communication. 1964; Dr. T. A. 
Brindley, Dept. of Zoology and Entomology, Iowa State Univ., Ames, lowa^  
Factors affecting populations of European corn borer in Boone County, 
Iowa. Private communication. 1964; Dr. M. L. Fairchild, Dept. of 
Entomology, Univ. of Mo., Columbia, Mo. European com borer census study 
in New Madrid County, Missouri. Private communication. 1964. 
mechanism at some stage of the life cycle. Detailed studies have been 
conducted on several species to determine the factors that enable an 
insect to enter or escape diapause. 
The European corn borer completes one to three or more generations 
per year, depending upon the locality in which its life cycle occurs. 
The completion of more than one generation depends upon the ability of 
the larval stage of the borer to complete its development and pupate 
without entering diapause. 
Since photoperiod was indicated as the major factor responsible for 
the induction of embryonic diapause in the silkworm by Kogure (1933), it 
has been associated with diapause in many insect species, including the 
European corn borer. 
The following review summarizes results of a series of diapause ex­
periments conducted by Beck and associates in which the European corn 
borer was utilized as the experimental animal [Beck and Hanec (1960), 
Beck (1962), Mcleod and Beck (1963), Beck (1963)]. 
The borer has become known as a long-day insect, with diapause being 
induced by photoperiods (the combined dark and light periods) containing 
scotophases (dark periods) of from 10 to 14 hours. Diapause is Induced 
by a combination of light and dark with no appreciable incidence of 
diapause detected when the larvae are reared under either continuous dark 
or light conditions. The fact that the borer population responds quite 
sharply to small differences in photoperiod -- i.e., a one hour differ­
ence in the number of hours of light or dark per day may induce an 80 
percent difference in the incidence of diapause -- leads to the conclusion 
that diapause is a response to an environmental rhythm governed primarily 
by photoperiod. Temperature cannot be overlooked as & major factor con­
tributing to the incidence of diapause according to Motchmore and Beckel 
(1958). They, as well as Beck and associates, concluded that diapause in 
the borer is dependent upon the interrelationship between temperature and 
photoperiod, but that photoperiod is the more Important of the two fac­
tors. Temperature and photoperiod conditions in the latter third of the 
larval developmental period seem to govern diapause; however, the final 
response is at least modified by the conditions experienced during the 
earlier growth stages. While the scotophase has been found to be the 
most critical for the induction of diapause, photophase was deduced to be 
the most critical in terminating diapause. Beck (1962) reported that 
larvae being reared under diapause inducing scotophases can escape dia­
pause if given a one-hour light period in the middle of the scotophase. 
He also stated that the termination of diapause can be accomplished by 
subjecting diapausing populations to 16 hours light per day for ten to 
twelve days and that no period of conditioning by chilling is required 
by this insect. 
Williams (1952) and Van der Kloot (1955) have concluded that diapause 
in Hyalophora cecropia (L.) is the result of the failure of the brain to 
produce or release the brain hormone. The absence of the brain hormone 
results in inactive prothoracic glands which produce ecdysome. Without 
ecdysome, growth and differentiation cease, metabolism is suppressed, and 
diapause begins. 
In later experimental work. Beck and Alexander (1964) pursued the 
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theory that the suppression of neurosecretory activity was the result of 
the action of photoperiod on an unidentified physiological system to 
which the neurosecretory system is coupled. Their analyses of the results 
of a series of experiments lead them to the conclusion that the termination 
of diapause was dependent upon some event occurring in the seventh to 
eighth abdominal segment in the corn borer. Ti\ey investigated this area 
and found an abdominal secretory system that produces an enzyme, procto-
done, which reactivates the endocrine organs associated with the brain, 
thus terminating diapause. 
Strains of Insects 
Evolution of insect strains has been studied for many years. 
Throughout these studies, a multiplicity of factors have been named as 
responsible for, or contributing to, the development of strains within a 
given species. De Wilde (1962) has indicated there is an increasing 
amount of data showing that photoperiod is one of the most important 
isolating factors in intraspecific geographical differentiation and, 
consequently, insect evolution. Toward the other end of the scale, 
Vanderzant and Reiser (1956) showed that omission of certain constituents 
in synthetic diets for the pink bollworm resulted in increased diapause 
incidence. Presumably, this could lead to recognizable strain differ­
ences. 
The subject of the most intensive studies of strains within a given 
species has been the silkworm. Bombyx mori (L.). [Tanaka (1953) and 
Yokayama (1959)]. The existence of many strains is reported in these 
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works. The identification of strains is based on numerous factors asong 
which are larval colors, egg shapes, cocoon characters, pupal characters, 
and adult characters. Of particular interest, due to association with 
the subject matter at hand, is the identification of four strains based 
on voltinism — univoltine, bivoltine, quadrivoltine, and multivoltine. 
Strains of insects evolving from the use of chemicals has received 
the greatest amount of attention. Crow (1957) reviewed the literature 
pertaining to insect strains that originated duc to resistance to chemi­
cals and stated that insecticide resistance is an example of evolutionary 
change, the insecticide acting as a powerful selective sieve for 
concentrating resistant mutants that were present in low frequencies in 
the original population. Musca domestlca (L.), Drosophila melanogaster 
(Spencer), and Blattella germanica (L.) are examples of laboratory insects 
for which strains have been identified and tested. 
Painter, seeking an explanation for differences in Hessian fly in­
festations on the same varieties of lAeat in eastern and central Kansas, 
discovered and described biotypes of the Hessian fly (Painter 1930). 
This work has been recognized as the first study of Insect blotypes in 
connection with resistant plants. In a later publication. Painter (1951) 
stated that there appear to be two general types of biological races In 
Insects so far as resistance in plants is concerned. One type is merely 
a larger, more vigorous strain while the other type is adjusted in some 
way to the particular conditions resulting from the presence of a certain 
gene in the plant. At the present time, Gallun (1955) maintains at least 
three blotypes of the Hessian fly in a plant resistance research program 
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in Indiana. 
Steinhaus (1963) discusses several types of insBunity exhibited by 
insects in his advanced treatise of insect pathology. He reports that 
various species of insects have been immunized to particular pathogens 
in the laboratory and that Japanese workers have developed a strain of 
silkworm resistant to a virus infection. 
The possible presence of geographic races of the European corn borer 
was considered in the early 1920s. Caffrey and Wbrthley (1927) collected 
larvae from a one generation area. Silver Creek, New York, shipped them 
to a two generation area (Medford, Massachusetts) and reared them under 
caged conditions in the field for four years. A reciprocal experiment in 
which Massachusetts borers were reared under similar conditions in New 
York was also conducted. During this four year period the borer popula­
tions retained their identity as one and two generation populations. 
They further concluded that any differences in temperature between 
Massachusetts and New York would have favored the New York area as the 
two generation area. Barber (1928) continued and added to the above 
study. After five years, he also concluded that the one and two genera­
tion behavior was retained by the New York and Massachusetts populations, 
respectively. 
He recorded a difference in the rate of development between the 
multiple- and single-generation strains and found that under similar 
developmental conditions, the pupation and emergence of the New York 
strain was delayed to the extent that it was difficult to obtain matings 
between the two populations. However, when matings occurred, the progeny 
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were found to be fertile, disclosing the fact that the two populations 
represented strains of a single species and were not two different 
species. 
Utilizing laboratory cultures of larvae whose parental stock was 
collected from the eastern versus the lake states, Arbuthnot (1944) con­
cluded that the single generation attribute was a genetically recessive 
character to the multiple generation attribute. The material from New 
Haven, Connecticut was a homogeneous multiple-generation strain of borers, 
while Toledo, Ohio had a heterogeneous population containing a complex of 
multiple- and single-generation strains occurring together. A homozygous 
single-generation strain was isolated from the Toledo material but no 
homozygous multiple-generation strain was obtained. He also reported 
differences in rate of development, concluding that larvae from the lake 
states developed more slowly. 
Later, Arbuthnot (1949) charted generation zones for the corn borer 
in the United States, based on the United States weather data and the 
effect of weather on the borer in Europe and Asia. He indicated the 
presence of strains and the persistance of single- or multiple-generation 
strains in zones most favorable to their reproduction. 
Investigations to determine the effects of temperature and photo-
period on European corn borer populations from geographical locations in 
the North United States and Canada were conducted by Beck and Apple 
(1961). The results of these laboratory experiments lead them to report 
significant differences in diapause incidence and rate of larval develop­
ment among the populations. They found that corn borers from 
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Massachusetts had a thermo-requirement of only 75 percent of that needed 
by Wisconsin borers to pass from egg to pupal stage. They also 
demonstrated that temperature and photoperiod were instrumental in 
inducing diapause in the borer, and that a positive correlation existed 
between the incidence of diapause in the generation of borers and 
latitude from which the parental stock was collected. They concluded 
that natural selection apparently resulted in diverging genetic composi­
tion in a population during the course of adoptation of the borer 
populations to differing local environmental conditions. 
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METHODS AND PROCEDURES 
Diapause Studies with Five Midwestern Cultures 
in the Laboratory 
An experiment was designed to test for differences in pupal weights, 
percent diapause, and days to 80 percent emergence for generations of 
larvae whose parental stock was collected near Manhattan, Kansas, Ankeny, 
Iowa, Urbana, Illinois, Madison, Wisconsin, and Fargo, North Dakota. The 
F2 generations originating from the five collected stocks were subjected 
to two teiiq>eratures (22° and 28®C) and three photophases (15, 14.25, and 
0 hours). Measurements were made on each culture for the variables 
listed above. 
This experiment was arranged in a randomized block, split-split-plot 
design with tenqieratures in whole units, photophases in the sub-units, 
and sources of eggs from the five cultures in the sub-sub-units. The 
reasons behind the method of subdividing are in agreement with present 
knowledge of reactions of the test insect to the conditions in^ osed by 
this experiment. It is well established that the borer is very sensitive 
to temperatures. This fact led to the decision to make temperatures 
whole units. Phbtophases were used as sub-units even though the borer is 
as sensitive to photophases as temperatures. However, the economics of 
duplicating light conditions as compared to temperatures favored photo-
phases as sub-units. Sources of eggs from the five cultures were used as 
sub-sub-units in order to provide more sensitive tests for sources of 
eggs as well as interactions of sources of eggs with temperature and light. 
Each treatment was replicated four times with thirty larvae utilized 
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per replicate. The temperatures were provided by two walk-in type growth 
chambers, operated at 22° and 28°C with relative humidities of 75+5 
percent. 
In order to truly replicate photophases within each growth chamber, 
a special small lig^ t chamber was designed (Figures 1-3). The lighting 
apparatus mechanism was attached to the top of the chamber by sandwiching 
the tops of the lighting apparatus and the can between the blower and a 
cover plate of the blower, then securing them with two sheet metal screws 
(Figure 1). The assembled lighting apparatus, along with the can, and 
the tiered racks designed to hold thirty larvae each are shown in Figure 
2. When fully assembled (Figure 3), the chamber measured 13 inches in 
diameter and 25 inches in height. The lighting apparatus fits within the 
inner circle of the racks and provides individual larvae with approximate­
ly the same quality and quantity of light. A blower mounted on top of 
the chamber pulled air into the bottom of the chamber through 3/4 inch 
conduit elbows at the rate of 5 cubic feet per minute. This assured the 
same humidity and temperature conditions within the individual chambers 
as those of the growth chamber. The blowers were in operation continual­
ly while the fluorescent lights (15 watt dayli^ t type) were governed by 
a clock mechanism set to give the desired photoperiod. 
Methods of handling overwintering larvae 
to obtain moths for egg production 
In early December 1963, requests for approximately four hundred over­
wintering fifth instar corn borer larvae were sent to Kansas, Iowa, 
Illinois, Wisconsin, and North Dakota. The collections were made and 
Fig. 1. Disassembled blower, top of chamber and lighting 
mechanism of small light chamber 
Fig. 2. Chamber, tiered racks filled with vials containing 
one larva on synthetic diet, an assembled mechanical 
apparatus 
Fig. 3. Assembled light chamber used for replication of 
photophases in a large bioclimatic chamber 
16 
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mailed to the European Corn Borer Laboratory at Ânkeny, Iowa, within the 
next few weeks. Upon arrival, the larvae were sorted individually into 
two dram vials and placed into a walk-in type refrigerator controlled to 
maintain a teoq>erature of 40°F. The larvae were exposed to those condi­
tions until they were needed to start a culture for an experiment. 
Approximately two hundred overwintering larvae were required to 
produce moths for egg production for the Fj^  generation of each culture. 
This, seemingly high, number of larvae to produce moths for a culture 
totaling only 720 larvae for each collection site in the experiment was 
deemed necessary due to past experiences with the incidence of parasitism, 
disease, and mortality due to other causes associated with the procedures 
in handling the overwintering larvae. The diapausing larvae were provided 
contact moisture and incubated at 80*F and 70 percent humidity to break 
diapause and induce pupation. 
Methods of handling pupae and moths to obtain eggs 
As soon as incubation procedures were initiated to start development 
in the previously diapausing cultures, daily inspections to isolate pupae 
were made. The pupae were removed daily from the cultures and placed in 
egg-laying cages where the adults emerged and ovlposition began. The 
egg-laying cages, described by Guthrie ejt ^  (in press), were 13"xl9"x24" 
and covered with 18x14 mesh copper screen wire on all sides and the 
bottom. The tops were covered with 1/4" hardware cloth. The eggs were 
laid through the hardware cloth onto wax paper provided for that purpose. 
Fluctuating temperatures, 65° to 85*F, night to day respectively, and 
relative humidity held as near 70 percent as possible were reported to 
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be optimum conditions for mating by Sparks (1963). These conditions were 
provided. The nature of the experiment dictated that all F. generations 
should be started on the same day; therefore, it was necessary to inq>ede 
or accelerate rates of development in some parental stocks by placing 
them in either a higher or lower tenQ)erature. When the moths emerged 
and oviposition began, they were supplied moisture twice daily by spray­
ing the cage screen. 
Handling of egzs and transfer of larvae 
Thé sheets of wax paper on which oviposition occurred were removed 
daily. These were generally stored in an incubator operated at 80°F and 
80 percent relative humidity. However, in order to obtain hatched eggs 
from all sources on the same day, it was again necessary to impede or 
accelerate the development of some egg masses by use of either lower or 
higher temperatures. 
When a sufficient number of eggs had been obtained from all sources 
to start the experiment,- egg masses on discs punched from the sheets of 
wax paper (Guthrie et al., In press) were placed in labeled, screw-capped, 
glass containers \rfiere they were allowed to hatch. After hatching the 
larvae were transferred from the container, via a camel's hair brush, 
into a three-dram glass vial containing a 3/4 inch plug of an artificial 
diet. The synthetic diet, first prepared in 1942, has been improved 
through a series of experiments [Bottger (1942), Beck ^  (1949), 
Bee ton et (1962), Guthrie e£ (in press)]. The diet, the constit­
uents of which are listed in Table 28 of the Appendix, has been used to 
rear nineteen generations of the corn borer with no detectable variations 
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occurring in the life cycle of the laboratory-reared progeny when compared 
to the progeny of moths collected in the field. 
Handling of larvae and pupae throughout the experiment 
After the larvae from a given source of eggs were transferred into 
individual vials containing the synthetic diet, a random selection of 
thirty vials was used to fill a rack, which represented one replication. 
The racks of vials were then randomly selected and placed in the small 
light chamber. 
After twelve days, the larvae in the racks were examined for pupa­
tion each day. All pupae were removed, weighed, and placed in a properly 
labeled 1/2-ounce plastic jelly dish and observed daily for emergence and 
sex of the emerged adults. 
After approximately forty days, when all emergence from collected 
pupae was completed, any larvae remaining in the racks of vials were 
considered to be diapausing. 
Reciprocal Mating Studies in the Laboratory 
A second laboratory experiment was designed to supplement informa­
tion that was obtained in field experiments in 1963. The field 
experiment, repeated in 1964, tested F], generations of larvae, whose 
parental stocks were collected in Minnesota, Iowa, and Missouri, against 
the environmental conditions within the three localities. Results of 
data analyzed from the 1963 field experiment indicated differences in 
numbers of moths emerging, percent of initial infestation population 
surviving, percent of total surviving forms that entered diapause, and 
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feeding habits. The question arose as to whether similar results could 
be obtained from the three geographical populations if they were reared 
on a synthetic diet under controlled laboratory conditions. Also, how 
would these geographical populations react if they were interbred? An 
experiment was conducted to detect differences in generations of 
larvae resulting from all possible combinations of matings from the three 
collection sites. The nine matings that produced the generations were: 
Iowa X Iowa (I x I), Iowa x Minnesota (I x Mi), Iowa x Missouri (I x Mo), 
Minnesota x Iowa (Mi x I), Minnesota x Minnesota (Mi x Mi), Minnesota x 
Missouri (Hi x Ho), Missouri x Iowa (Ho x I) , Missouri x Minnesota (Mo x 
Mi), and Missouri x Missouri (Mo x Mo). The male of the mating is always 
listed first and, henceforth, all matings will be referred to by these 
abbreviations. 
The experiment was a randomized block, split-plot design with four 
replications. Photophases of 14.25, 15 and 0 hours were utilized as 
whole unit treatments and the nine matings to produce the Fj^  generations 
(hereafter referred to as sources of eggs) were incorporated into the sub-
unit treatments. A replicate consisted of thirty larvae from one source 
of eggs reared under any one of the three photophases. All rearings were 
carried out in a growth chamber operated at 28°C and 7^ 5 percent rela­
tive humidity. 
Data on five variables: ten-day-old larval weights, pupal weights, 
percent diapause, and days to 80 percent pupation and emergence, were 
collected and analyzed statistically. 
All stages of the test insect, except pupae from the overwintering 
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collections, were handled as described under the previously described 
laboratory studies; In order to accos^ lish the desired laatings, it was 
necessary to isolate individual pupae for emergence and then combine the 
males and females from the different localities. 
Testing Geographical Populations from Minnesota, 
Iowa, and Missouri in the Field 
Results of laboratory studies with the corn borer by Arbuthnot (1944) 
and Beck and Apple (1961) have indicated differences in the incidence of 
diapause and rate of development of borers whose parental stocks 
originated in different geographical locations throughout the distribu­
tional range of the insect. The first field studies investigating strain 
differences were reported by Caffrey and Worthley (1927) and Barber (1928). 
This field experiment was conducted in 1963 and 1964 to investigate 
the anomolous behavior of the borer in the midwest. The objective of the 
experiment was to study differences in populations collected from three 
widely differing localities (west-central Minnesota, central Iowa, south­
east Missouri). The generations of these populations were reared 
under caged conditions in the field at three widely differing environ­
mental locations. 
The experimental design was a randomized block with split-plots. 
The experiment was conducted at Waseca, Minnesota, Ankeny, Iowa and 
Portageville, Missouri in 1963 and 1964. The treatments were replicated 
three times in 1963 and four in 1964. Two varieties of corn, WF9 field 
corn and Seneca Chief sweetcorn, were the whole plots and the sub-plot 
treatments consisted of infesting these varieties of corn with egg masses 
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originating from the larval collections made at the above mentioned 
collection sites. 
Methods of synchronizing procedures at locations 
Collections of overwintering larvae were shipped to the European 
Corn Borer Laboratory at Ânkeny, Iowa. Detailed procedures for handling 
these collections are presented in the procedures for laboratory studies. 
Approximately eight hundred larvae were collected from each site, each 
year. 
The planting dates were adjusted so that the varieties of corn would 
be of ccmparable size at infestation time at all localities. This in­
volved planting the com in Missouri and Iowa somewhat later than normal 
and the Minnesota corn as early as possible. Two varieties, WF9 and 
Seneca Chief, were planted in such a manner that six hills of corn were 
evenly distributed in the area of soil covered by a 6'x6'x6' plastic 
screened cage. Three or more kernels per hill were planted and the corn 
was thinned to two plants per hill at infestation time. Cages were placed 
over the corn in time to prevent any natural oviposition. 
All eggs used for manual infestation were produced at the Ankeny Corn 
Borer Laboratory. The overwintering larvae, pupae, adults, and eggs were 
manipulated in such a manner that eggs were available for infestation from 
the three sources at all locations in early July. The infestations were 
made on July 9, 1963 and July 11, 1964, in Iowa, and dates closely 
approximating these dates in Minnesota and Missouri. 
Infestations were accomplished by placing 60^ 2 blackheaded eggs in 
the whorl of each plant. Eggs per plant seemed to be a desirable 
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criterion for infesting plants in this experiment to insure uniformity 
of infestation. 
After infestation, the cages and surrounding plots were untouched 
for approximately three weeks. Then, daily inspections were made for 
moth emergence. The number of moths emerging was recorded and the moths 
removed daily from the cages to prevent reinfestation. 
During the second week of September of both years, after allowing 
approximately two months for emergence, the stalks were dissected. 
Numbers of larvae entering diapause, cavities made by all borers, and the 
location cf the cavities, were recorded. 
Methods of statistical analysis 
The experiment at all,three localities was conducted in an identical 
manner which made it possible to combine the data over years and locations 
and analyze it by the method developed by Cochran and Cox (1957). 
Analyses of variance were computed for the eleven variables, listed 
as follows: 
1. number of moths emerged 
2. number of days from egghatch to 80 percent emergence 
3. number of larvae found at dissection time 
4. total forms 
5. percent of total forms based on number of eggs used per cage 
when infested (x/720) 
6. cavities above 
7. cavities below 
8. cavities in ear plus shank 
9. total cavities 
10. cavities per form per cage 
11. percent of total surviving forms that entered diapause 
The numbers of moths emerging and numbers of diapausing larvae per 
replication varied so much (0-100"*^  that a transformation of three 
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variables was deemed advisable. Moths emerged, diapausing larvae, and 
total forms were transformed to ^ X+0.5. 
Reciprocal Mating Studies in the Field 
This, experiment was a companion study to the laboratory experiment 
in which generations of larvae resulting from all possible mating 
combinations of Iowa, Minnesota, and Missouri adults were reared on 
artificial media at 28°C and exposed to three photoperiods. Measurements 
for differences in weights of ten-day-old larvae and pupae, incidence of 
diap&use, and days to 80 percent pupation and moth emergence were recorded. 
In this field experiment the nine sources of eggs were replicated 
four times in a randomized block design. The planting of plots, handling 
of moths for egg production, infesting of plants, and all other aspects 
of the experiment proceeded in the same manner as in previously described 
laboratory and field experiments. The data for the I x I, Mi x Mi, and 
Mo X Mo crosses in this experiment were the actual data collected from 
sweetcorn plots at the Iowa location in the 1964 field study, described 
earlier. This feature of the study involved the use of the above 
mentioned data in two experiments. It was assumed to be an acceptable 
practice due to the manner in which the experimental procedures were 
carried out in the field. Both experiments were planted, caged, infested, 
inspected, and data collected as thou^  they were one. An over-all view 
of the field plots (Figure 4a) shows the 48 cages used in the two field 
experiments at Ânkeny in 1964. Â close-up of a single cage is shown in 
Figure 4b. 
Fig. 4a. Over-ail view of the 1964 field plots in Ankeny, Iowa 
Fig. 4b. Close-up of a single cage 
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RESULTS AND DISCUSSION 
Diapause Studies with Five Midwestern Cultures 
in the Laboratory 
generations of larvae whose parental stocks were collected in 
Manhattan, Kansas; Ânkeny, Iowa; Urbana, Illinois; Madison, Wisconsin; 
and Fargo, North Dakota, were tested for differences in behavior. They 
were reared on a synthetic diet and subjected to two temperatures and 
three photophases throughout the larval development period. Measurements 
were made and analyzed for differences in pupal weights, percent diapause, 
and number of days from egg-hatch to 80 percent moth emergence. Correla­
tions were calculated for latitude of collection sites with days to 80 
percent emergence and incidence of diapause. 
The data for the three variables tested are summarized by replicates 
in Tables 1-3 inclusive. Mean pupal weights (Table 1) per replication 
are based on unequal numbers, ranging from 17 to 30 for the 28*C treatment 
and 8 to 30 for the 22°C treatment, dependent upon the effect of a given 
treatment on a particular source of eggs. Pupal weights were analyzed on 
the 0 and 15 hour photophases only, due to the low incidence of pupation 
of some cultures in the 14.25 hour photophase, 22*C treatment. Percent 
diapause per replication (Table 2) indicates the percent of larvae enter­
ing diapause based on total numbers of surviving forms of the borer per 
replication. Numbers of days from egg-hatch to 80 percent emergence per 
replication (Table 3) was obtained by keeping daily records of accumula­
tive emergence and, after total emergence of all collected pupae had 
occurred, calculating the data on which 80 percent emergence was observed. 
Table 1. Mean pupal weights in milligrams per replication for Iowa, Kansas, Illinois, Wisconsin, 
and North Dakota laboratory reared cultures 
Temper­
ature 
Photo-
phase 
Mean pupal weights in ma. per replicate for each culture 
Replicate Iowa Kansas Illinois North Dakota Wisconsin 
28'C 15 hour 1 
2 
3 
4 
Average 
1 
2 
3 
4 
Average 
86.23 
94.40 
94.78 
92.23 
91.91 
99.79 
97.90 
100.63 
94.37 
98.17 
89.95 
88.03 
96.92 
90.80 
91.42 
97.96 
102.44 
100.06 
100.83 
100.32 
80.33 
104.03 
92.96 
86.00 
90.83 
90.44 
95.60 
95.98 
90.22 
97.06 
53.10 
93.80 
88.75 
110.40 
86.51 
90.53 
98.95 
95.82 
102.08 
96.85 
94.18 
84.97 
87.68 
93.26 
90.02 
86.54 
88.27 
87.71 
85.67 
87.04 
22°C 15 hour 1 
2 
3 , 
4 
Average 
1 
2 
3 
4 
Average 
95.00 
88.61 
85.33 
87.62 
89.14 
98.28 
95.57 
89.94 
97.22 
95.25 
89.72 
86.93 
92.26 
92.99 
90.48 
90.90 
84.23 
97.62 
97.62 
92.60 
80.11 
86.88 
85.24 
100.09 
90.08 
99.07 
97.23 
103.75 
94.26 
90.58 
86.15 
101.29 
97.42 
101.00 
96.47 
92.37 
102.08 
91.19 
96.89 
95.63 
88.97 
92.67 
92.28 
88.44 
90.60 
83.41 
82.35 
86.26 
88.34 
85.09 
Table 2. Percent diaparse per replication for five laboratory cultures of mldwestern corn borers 
reared under two temperatures and three photophases 
Temper­
ature 
Photo-
phase Replicate Iowa 
Percent diapause per culture by replicates 
Kansas Illinois North Dakota Wisconsin 
28°C 15 hour 1 
2 
3 
4 
Average 
0.0  
0.0 
0.0  
0.0  
0 .0  
0 .0  
0 .0  
0.0 
0 .0  
0 .0  
6.9 
3.4 
3.6 
3.4 
4.3 
41.7 
34.5 
40.0 
32.1 
37.1 
6.7 
3.3 
6.7 
3.3 
5.0 
14.25 
hour 
1 
2 
3 
4 
Average 
31.0 
33.3 
39.3 
31.0 
33.6 
20.0 
43.3 
36.7 
35.7 
33.9 
33.3 
48.3 
56.7 
55.2 
53.4 
81.5 
96.3 
92.3 
88.0 
89.5 
86.2 
90.0 
92.3 
92.9 
90.4 
1 
2 
3 
4 
Average 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0 .0  
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0  
0 .0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
3.3 
*0.0 
0.0 
0.0 
0.8 
Table 2. (Continued) 
Photo- Percent diapause per culture by replicates 
ature phase Replicate Iowa Kansas Illinois North Dakota WisconE 
22°C 15 hour 1 46.4 44.4 76.0 96.6 75.8 
2 57.1 55.6 85.2 96.3 68.0 
3 55.6 63.0 89.7 92.3 79.3 
4 76.0 57.1 77.8 96.7 82.1 
Average 58.8 55.0 82.2 95.5 76.3 
14.25 
hour 
1 
2 
3 
4 
Average 
77.8 
80.7 
85.7 
76.9 
80.3 
65.5 
71.4 
75.9 
73.1 
71.5 
92.6 
88.9 
96.3 
99.9 
94.4 
99.9 
99.9 
99.9 
99.9 
99.9 
92.5 
89.3 
99.9 
93.1 
93.7 
1 
2 
3 
4 
Average 
7.1 
3.7 
3.7 
0.0 
3.6 
0.0 
0.0 
0.0 
0.0 
0.0 
3.4 
7.1 
7.1 
0.0 
4.4 
3.7 
8 .0  
14.2 
10.7 
9.2 
3.6 
0.0 
3.8 
3.4 
2.7 
Table 3. Number of days from egg-hatch to 80 percent emergence per replication for five laboratory 
cultures of mldwestern corn borers 
Temper- Photo- Days from egg-hatch to 80 percent emergence by cultures 
ature phase Replicate Iowa Kansas Illinois North Dakota Wisconsin 
15 hour 1 24 25 27 31 24 
2 24 24 26 26 24 
3 25 25 3D 31 25 
4 24 25 24 27 24 
Average 24.25 24.75 26.75 28.75 24.25 
0 1 27 26 30 29 26 
2 27 27 30 31 26 
3 26 28 31 32 26 
4 26 28 31 32 26 
Average 26.5 27.25 30.50 31.00 26.00 
15 hour 1 36 35 35 40 37 
2 36 39 37 41 37 
3 35 38 39 38 34 
4 35 37 40 36 38 
Average 35.5 37.25 37.75 28.75 36.50 
0 1 39 39 40 41 38 
2 39 39 39 41 38 
3 37 39 41 41 38 
4 39 39 40 41 38 
Average 38.50 39.00 40.00 41.00 38.00 
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A change in planned procedure was adopted at this point. Pupae that had 
spent their larval period in the 22*C treatment were placed in the 28*C 
growth chamber to emerge in order to free the growth chambers for addi­
tional investigations. 
A summary of the analyses of variance calculated for all three 
variables is presented in Table 4. Since the experiment was designed to 
test for biotypes of the borer, the primary interest in these analyses 
lies in the component, variation due to source of eggs. Table 5 gives 
the array of means for sources of eggs, separated by Duncan's (1955) 
multiple range test, for the three variables. 
Significant differences between pupal weights due to the different 
sources of eggs were nonexistent. However, the incidence of percent 
diapause among these cultures showed a very interesting response. There 
appears to be a north to south, higher to lower, gradient in percent 
diapause for these particular cultures. The following differences were 
observed and calculated to be different at the 99 percent level of con­
fidence. The North Dakota, Wisconsin cultures exhibited a higher percent 
diapause than Illinois, Towa, and Kansas cultures. Wisconsin and Illinois 
outranked those from Iowa and Kansas, which could not be separated on this 
criterion. The information obtained from this aspect of the experiment 
compares favorably with that reported by Beck and Apple (1961), if allow­
ances for differing collection sites are taken into consideration. 
Kansas, Iowa, and Wisconsin cultures could not be separated by dif­
ferences iii mean number of days from egg-hatch to 80 percent emergence. 
These three were significantly different from the North Dakota population. 
Table 4. Summary^  of analyses of variance of three variables tested against larvae from five 
sources of eggs reared at two temperatures and three photophaiies 
Variables tested 
Source of variation Pupal weights Percent diapause Days to 80% emergence 
SiRnif- M SiRnif- M Signif­
icance" icance" ie ance® 
Replications 3 3 3 
Temperature 1 ns 1 ** 1 ** 
Error a 3 3 3 
Photophase 1 * 2 ** 1 ** 
Temp. X photophase 1 ns 2 ** 1 ns 
Error b 6 12 6 
Source of eggs 4 ns 4 ** 4 ** 
Photo. X source 4 ns 8 ** 4 ns 
Temp. X source 4 ns 4. ** 4 * 
Photo. X temp, x source 4 ns 8' ** 4 ns 
Error c 48 72 48 
Sampling error 1694 
C^onq>lete analyses are presented in Table 20, Appendix. 
S^ignificant at 99% level = **y significant at 95% level = *, non-aignificant « ns. 
Table 5. The array of means for sources of eggs (cultures) for each variable tested in Table 
4, separated by Duncan's multiple range test® 
Pupal weights 
Illinois North Dakota Kansas Iowa Wisconsin 
94.1 93j8 93J 93.6 88.2 
Percent diapause 
North Dakota Wisconsin Illinois Iowa Kansas 
55.2 44.8 39.8 29.4 26.7 
Days to 80% emergence 
North Dakota Illinois Kansas Iowa Wisconsin 
34.9 33.7 32.1 31.2 31.2 
®Any two means not underlined by the same line are significantly different at the 99% 
level of probability. 
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which required the greatest amount of tiiae to =eet this end point. The 
Illinois culture ranked between the above mentioned groups, being signif­
icantly different from the Iowa and Wisconsin populations, but not 
different from the Kansas and North Dakota borers. The days to 80 percent 
emergence criterion for separating differences in cultures of borers 
appears to be ineffective and misleading* The most obvious weakness lies 
in the manner in which the data were taken. Emergence was observed every 
24 hours and in some cases, had one more moth emerged in a given 24 hour 
period, that replicate would have reached the 80 percent mark. Even 
though most corn borer emergence occurs at night and these data were 
taken by mid-morning each day, the emergence occurring in the daytime 
could have made a difference. 
From Table 4, it can be observed that response to temperature showed 
highly significant differences in two of the three analyses. When 
conq>ared to the 22*C treatment, the 28"C treatment produced only 54 
percent as high an incidence of diapause, and a little more than 11 days 
shorter period of time in days to 80 percent emergence. 
The 0 hour photophase produced pupae that averaged four mg more per 
pupa than the 15 hour photophase; however, moths from the 15 hour photo-
phase emerged approximately 2.2 days earlier. 
One variable, percent diapause, showed highly significant differences 
for the tenmerature x photophase interaction. This interaction was due 
to the - magnitude of the relative difference in percent diapause produced 
by the 15 hour photophase, comparing the 22" and 28°C temperatures. For 
all photophases, the 22*C teo^ erature resulted in a higher percent 
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diapause than the 28°C temperature; however, the magnitude of the differ­
ence produced by the two temperatures was much greater at the 15 hour 
photophase. 
All of the interactions of source of eggs with tenq>erature and photo-
phases show highly significant differences in the percent diapause 
analysis. The interactions indicate a failure of sources of eggs to act 
in the same manner Wien subjected to the different temperatures and 
photophases. An examination of an array of means for any of these inter­
actions readily shows the ineffectiveness of sources of eggs to act in a 
similar manner when subjected to the various treatments. 
Correlations computed for degrees latitude of collection site with 
percent diapause and days to 80 percent emergence (Table 6) indicate 
very irregular behavior. Neither of the correlations were significant 
when calculated for the 22'C treatment. At the 28°C treatment, latitude 
and percent diapause were significantly correlated while latitude and 
days to 80 percent emergence were highly significantly correlated. The 
2 
column, R x 100 percent shows the percent of the total variation in days 
to 80 percent emergence and percent diapause, that can be accounted for 
due to their association with degree latitude of the collection site. 
Reciprocal Mating Studies in the Laboratory 
Nine sources of eggs derived from all possible combinations of 
matings of corn borer moths from Iowa, Minnesota, and Missouri were 
utilized to initiate nine larval cultures of the borer. The moths were 
obtained from overwintering larvae collected in west central Minnesota, 
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Table 6. Correlations of degree latitude, with days to 80 percent 
emergence, and percent diapause by teoçeratures for five 
sources of eggs 
N Variables correlated r* r2 X 100 percent 
22°C 
60 Degree latitude with percent diapause .1235 ns 1.53 
40 Degree latitude with 80 percent 
emergence .1278 ns 1.63 
28°C 
60 Degree latitude with percent diapause .3032* 9.19 
40 Degree latitude with 80 percent 
emergence .4943** 24.43 
S^ignificant at 99% level = **, significant at 95% level = *, non 
significant = ns. 
central Iowa, and southeastern Missouri in the winter of 1963. This 
laboratory experiment was designed to investigate the behavior of the 
nine cultures when reared under three photophases at 28"C. 
Egg production records were kept for the reciprocal matings (Table 
7). Since the primary purpose at this phase of the experiment was to 
produce eggs to start the cultures and there was not an abundant supply 
of moths, no replications of matings were made. In the absence of a 
statistical analysis of the data one can make no concrete statements. 
However, there appears to be a trend toward higher egg production when 
matings between moths of different geographical origin were made. No 
difficulties were experienced in obtaining eggs from any of the matings 
Table 7. Egg production for nine 
Missouri moths, 1963 
sources of eggs from reciprocal matlngs of Minnesota, Iowa, and 
Moth ratio 
Duration 
of ovipo-
sltlon Egg masses 
Masses 
per 
Total 
masses 
Total eggs 
in 
masses 
Average 
size 
egg 
Mating Male Female in days produced female counted counted mass 
1 X 1 160 : 158 14 981 6.21 357 6146 17.2 
I X Ml 68 : 68 14 654 9.61 153 3284 21.2 
I X Mo 79 ; 79 9 249 3.15 189 2963 15.7 
Ml X I 51 : 77 14 881 11.44 155 3325 21.5 
Mi X Mi 113 : 105 12 625 5.95 433 6723 15.5 
Ml X Mo 57 : 57 13 1078 18.91 145 3345 24.1 
Mo X I 70 : 80 8 200 2.50 154 3206 20.8 
Mo X Ml 68 ; 69 14 569 8.54 123 3157 25.7 
Mo X Mo 209 : 260 13 2161 8.31 291 5932 20.4 
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with the techniques used in this experiment. This is a direct contrast 
to the experiences reported by Barber (1928) and Arbuthnot (1944). An 
explanation for this difference could lie in techniques used or number of 
moths per cage. No effort was made to determine percent mating so there 
is a possibility that percent mating of some crosses was low in this 
e:q>eriment. This point could be elaborated, directing attention to the 
fact that in the I x Mo and Mo x I matings, 79 and 80 females produced an 
average of only 3.15 and 2.50 masses per female respectively. 
Data for weights of 10-day-old larvae and pupae, percent diapause, 
and days to 80 percent pupation and moth emergence, are presented in 
Tables 8-12, respectively. The average weights of 10-day-old larvae per 
replication (Table 8) are based on weights of ten individual larvae. The 
average pupal weight per replication (Table 9) is based on unequal numbers 
due to differences in numbers of larvae pupating from the nine cultures. 
In fact, pupal weights for the 14.25 hour photophase could not be included 
in the pupal weight analysis due to insufficient pupation from some 
cultures. The incidence of percent diapause (Table 10) Is based on 
number of diapausing larvae compared with total larvae surviving per 
replication. Numbers of days from egg-hatch to 80 percent emergence and 
80 percent pupation per replication were calculated (Tables 11, 12). The 
days to 80 percent pupation variable was added to this experiment to 
compare with the days to 80 percent emergence data as a criterion for 
rate of development. 
A summary analyses of variance for all five variables is Incorporated 
into Table 13. Photophases show highly significant differences in four 
Table 8. Mean 10-day-old larval weights in milligrams per replication for nine laboratory 
cultures of borers 
Culture 
Photophase Replicate I X I I X Mi I X Mo Mi X I Mi X Mi Mi X Mo Mo X I Mo X Mi Mo X Mo 
15 hours 1 43.39 34.94 36.27 37.94 42.43 40.19 41.95 35.34 38.30 
2 41.15 41.09 45.61 34.58 41.01 47.83 35.48 33.83 35.34 
3 36.34 45.65 49.38 31.45 51.89 46.43 41.52 36.90 34.59 
4 40.10 34.89 45.03 37.63 51.35 42.20 38.80 41.97 50.46 
Average 40.27 39.14 44.07 35.40 46.67 44.16 39.44 37.01 39.67 
14.25 hours 1 39.74 27.43 43.73 26.50 41.26 38.24 37.18 28.57 36.16 
2 34.13 28.76 40.17 29.62 39.60 30.42 39.07 31.20 39.22 
3 28.84 30.93 42.12 23.98 39.30 33.03 40.75 29.41 38.37 
4 41.16 26.89 36.31 27.66 36.06 35.07 39.82 34.75 32.80 
Average 35.96 28.50 40.58 26.94 39.06 34.22 39.21 30.98 36.64 
0 1 15.65 12.89 24.45 14.15 14.88 21.43 15.81 14.95 19.34 
2 23.06 16.39 21.06 14.74 18.74 14.59 15.39 12.06 17.69 
3 19.23 17.37 22.22 16.89 22.14 19.05 19.43 11.93 20.20 
4 15.10 17.15 20.35 12.99 19.61 18.43 23.83 15.45 27.73 
Average 18.26 15.95 22.02 14.69 18.84 18.38 18.61 13.60 19.99 
®Based on 10 larvae per replicate. 
Table 9. Mean^  pupal wei^ ts in milligrams per replication for nine laboratory cultures of borerti 
Culture 
Photophase Replicate I % I I x Mi I x Mo Mi x I Mi x Mi Mi x Mo Mo x I Mo x Mi Mo x Mo 
15 hours 1 85.34 85.63 102.42 94.67 94.10 89.08 89.54 88.14 93.88 
2 83.39 89.03 91.83 96.87 91.08 92.24 94.78 91.67 89.79 
3 78.94 88.77 87.03 91.99 99.83 90.67 87.11 85.73 90.58 
4 85.52 82.29 97.84 94.64 91.41 94.69 88.44 95.16 85.21 
Average 83.30 86.43 94.78 94.54 94.11 91.67 89.97 90.17 89.86 
1 84.29 
2 87.83 
3 93.92 
4 88.65 
Average 88.67 
83.80 94.42 
88.96 91.69 
89.52 95.61 
82.39 88.56 
86.17 92.57 
97.23 84.91 
85.05 79.50 
92.30 92.02 
96.02 85.72 
92.65 85.54 
96.38 85.53 
85.28 93.07 
88.49 95.23 
78.12 95.12 
87.07 92.24 
89.57 89.77 
86.94 93.05 
88.64 85.53 
88.81 87.84 
88.49 89.05 
B^ased on 17 to 30 pupae per replicate. 
Table 10. Percent diapause per replicate for nine laboratory cultures of corn borers reared at 
28°C and subjected to three photophases 
Culture 
Photophase Replicate I x I 1 x Ml 1 x Mo Ml x 1 Ml x Ml Ml x Mo Mo x I Mo x Ml Mo x Mo 
1 0.0 14.3 0.0 6.9 24.1 11.1 0.0 3.6 0.0 
2 3.3 14.3 0.0 0.0 25.9 0.0 0.0 6,7 0.0 
3 7.4 7.7 3.6 7.1 31.0 7.7 0.0 0.0 0.0 
4 7.1 21.4 3.3 11.1 38.5 6.9 0.0 3.6 3.4 
Average 4.45 14.43 1.73 6.28 29.88 6.43 0.0 3.48 0.85 
1 39.3 96.7 65.5 96.7 90.0 69.0 58.6 80.8 20.0 
2 44.8 99.9 63.0 96.6 99.9 82.7 60.0 50.0 28.6 
3 36.7 96.4 75.9 96.3 99.9 82.1 44.4 61.5 28.6 
4 46.4 96.4 53.6 99.9 99.9 76.7 37.9 68.0 37.9 
Average 41.80 97.35 64.50 97.38 97.42 77.63 50.23 65.08 28.70 
1 3.3 10.3 0.0 7.1 21.4 3.7 3.8 0.0 0.0 
2 0.0 13.3 0.0 ' 3.7 22.2 3.6 0.0 3.6 3.3 
3 0.0 10.7 0.0 14.8 6.9 4.2 0.0 6.9 6.7 
4 0.0 6.9 0.0 6.9 17.9 7.1 0.0 0.0 0.0 
Average 0.83 10.30 0.0 8.13 17.1 4.65 0.95 2.63 2.50 
Table 11. Numbers of days from egg-hatch to 80 percent emergence* per replicate for nine 
laboratory cultures of corn borers 
 ^ ; Culture . 
Photophase Replicate I x I I x Mi I x Mo Mi x I Mi x Mi Mi x Mo Mo x 1 Mo-x Mi Mo x Mo 
1 23 28 25 28 27 23 29 25 25 
2 26 23 23 30 27 23 25 26 23 
3 24 25 23 27 24 24 24 25 24 
4 27 27 23 24 25 23 23 25 22 
Average 25. 00 25. 75 23.50 27. 25 25. 75 23. 25 25. 25 25. 25 23.50 
1 31 33 26 32 29 27 29 31 26 
2 29 31 27 30 27 27 29 32 27 
3 28 31 27 29 30 27 29 29 26 
4 34 32 27 29 29 27 30 30 25 
Average 30. 50 31. 75 26.75 30. 00 28. 75 27. 00 29. 25 30. 50 26.00 
®Based on 17 to 30 moths per replicate. 
Table 12. Numbers of daya from egg-hatch to 80 percent pupation* per replicate for nine 
laboratory cultures of corn borers 
Cultures 
Photophase Replicate I X I I X Mi I X Mo Mi X I Mi X Mi Mi X Mo Mo x I Mo X Mi Mo X M( 
15 hour 1 17 19 19 20 19 18 20 17 17 
2 21 17 17 21 20 17 19 18 17 
3 19 18 16 20 18 17 17 18 17 
4 19 20 16 18 18 17 17 18 17 
Average 19.00 18.50 17.00 19. 75 18.75 17.25 18.25 17.75 17.00 
0 1 21 27 19 25 23 21 21 23 20 
2 23 25 20 26 22 21 22 24 20 
3 26 24 20 21 24 20 22 23 19 
4 26 24 20 22 22 21 22 22 18 
Average 24.00 25.00 19.75 23 .50 22.25 20.75 21.75 23.00 19.25 
*Baged on 17 to 30 pupae per replicate. 
Table 13. Summary^  of analyses of variance of five variables i:ested against larvae from nine 
sources of eggs reared at 28*C under three photophawes 
Variables tested 
Source of variation 10-day larval Pupal weights Percent diapause Days to 80% Days to 80% 
weights emergence pupation 
SiRnif-
icance" 
M Sianif-
icanceb 
df SiRnif-
icanceb 
SiKnif-
icanceb 
Sianif" 
icanceb 
Replications 3 3 3 3 3 
Photophases 2 ** 1 ns 2 ** 1 ** 1 ** 
Error a 6 3 6 3 3 
Source of eggs 8 ** 8 ** 8 ** 8 ** 8 irk 
Photophase x source 16 ns 8 ns 16 ** 8 ns 8 ns 
Error b 72 48 72 48 48 
Sampling error 972 1,835 
A^ctual analysis presented in Table 21, Appendix. 
S^ignificant at 99% level = **, Significant at 95% level = *, non-significant = ns. 
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of the five variables tested. Comparisons of length of photophase (0, 
14.25, and 15 hours) reveal that the average weight of 10-day-old larva in­
creases with length of photophase at a ratio of 1:1.94:2.28, respectively. 
The effect of photophase length on percent diapause was determined. 
The 14.25 hour photophase produced significantly more diapausing larvae 
than the 0 and 15 hour photophase, the latter differences were non­
significant. The larvae reared in the 15 hour photophase completed their 
cycle an average of approximately four days earlier than those reared in 
the dark, regardless of criterion used for separation. 
The array of means for the nine sources of eggs for each of the five 
variables tested (Table 14) were separated according to Duncan's multiple 
range test. Very few differences were shown in 10-day-old larval weights. 
The I X Mo and Mi x Mi crosses developed significantly faster than the Mo 
X Mi and Mix I crosses. The individuals in the cultures were weighed 
again as they pupated. At this time, the I x Mo mating remained the 
heaviest per individual; however, the Mi x I cross had risen from the 
last place in the array of means to second place. It appears that 10-day-
old larval weights and pupal weights are rather erratic criteria for 
consistently separating cultures due to differences in rates of growth 
during the life cycle. An examination of these two variables indicates 
that there are differences in the abilities of the cultures to develop 
evenly throughout their feeding period; however, a definite pattern of 
development between the nine sources of eggs could not be surmised. 
In a test of criteria for determining rate of completion of the life 
cycle, days to 80 percent pupation appears to be little if any better than 
Table 14. The array of means for sources of eggs (cultures), separated by Duncan's multiple 
range test®, for each variable tested in Table 13 
lO-day-old larvae weights 
I X Mo Mi X Mi Mo x I Mi x Mo Mo x Mo I x I I x Mi Mo x Ml Ml x I 
35.56 34.85 32.42 32.25 32.10 31.50 27.86 27.20 25.68 
Pupal weights 
I X Mo Ml X I Mo X I Ml X Ml Mo x Mo Ml x Mo Mo x Ml I x Mi I x I 
93.67 93.60 91.10 89.88 89.45 89.37 89.33 86.30 85.98 
Percent diapause 
Ml X Mi I X Ml Ml X I Mi X Mo Mo x Mi 1 x Mo Mo x I I x I Mo x Mo 
48.1 40.7 37.2 29.6 23.5 22.1 17.1 15.7 10.7 
Days to 80 percent emergence 
I x Ml Ml x I Mo X Ml I X I Mo X 1 and Ml x Ml Ml x Mo and I x Mo Mo x Mo 
28.75 28.63 27.88 27.75 27.25 25.13 24.75 
Days to 80 percent pupation 
I X Mi Ml X I I X I Ml X Ml Mo x Ml Mo x I Mi x Mo I x Mo Mo x Mo 
21.75 21.63 21.50 20.50 20.38 . 20.00 19.00 18.38 18.13 
A^ny two means not underscored by the same line are significantly different at the 99% 
level of confidence. 
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days to 80 percent emergence. Both indicate that crosses between Iowa and 
Minnesota tend to complete their cycle faster; however, the same criticism 
can be made for the criterion based on days to 80 percent pupation used 
here as was indicated for the criterion based on days to 80 percent 
emergence utilized in the preceding laboratory experiment. Both criteria 
utilized in these experiments for testing the rate of the conqiletion of 
the life cycle need refinement of technique before they can be used 
satisfactorily. 
The incidence of percent diapause among these cultures permits some 
interesting comparisons. The percent diapause asong Mi x Mi, Mi x I, and 
I X Mi cultures of borers was significantly higher than in all other 
crosses. The array of means can be separated into five overlapping 
groups. It should be noted that all cultures of larvae in which at least 
one parent is of Minnesota origin are listed 1-3 in numerically descend­
ing order of number of diapausing larvae. The I and Mo crosses are then 
followed by I X I and Mo x Mo crosses in the array of means. This indi­
cates that under the laboratory conditions outlined in this experiment, 
the population from the Minnesota collection site is exhibiting a definite 
influence on the populations from the Iowa and Missouri collection sites, 
and inducing a higher percentage of diapause among these populations. 
Testing Geographical Populations from 
Minnesota, Iowa, and Missouri in the field 
A field study was conducted in 1963 and 1964 to investigate 
behavioral differences in generations of larvae from parental popula­
tions collected in west central Minnesota, central Iowa, and southeastern 
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Missouri. The three generations were tested under caged conditions in 
the field in Waseca, Minnesota; Ankeny, Iowa; and Portageville, Missouri. 
Identical designs and procedures were used at each location, with 
the exception of different corn varieties at the 1963 Iowa location. 
This exception developed because the cages were blown down and the plots 
destroyed by a severe wind storm; hence, at Ankeny in 1963, NK199 sweet-
corn and WF9 x M14 fieldcorn were substituted for Seneca Chief and WF9 
varieties, respectively. 
Summaries of moths emerged (Table 22), larvae found at dissection 
time (Table 23), and location of cavities (Table 24) are presented in the 
Appendix. All three variables were summarized over replications. Table 
25 of the Appendix gives the analyses of variance by location for the 
eleven variables tested in both years. In the analyses of variance for 
years, with locations combined (Table 26), the data were analyzed just as 
though homogeneous errors existed. The last two mentioned tables are for 
comparative purposes only. 
Since the experiment was designed to test generations of borers 
from the three collection sites under the environmental conditions of 
Minnesota, Iowa, and Missouri, only the results of the 1963-64 combined 
analysis (Table 27, Appendix) will be discussed. The method used in the 
combined analysis of the data was an extension of the method discussed by 
Cochran and Cox (1957) for combining data over space and time. 
In preliminary analyses of locations within a given year, it was 
discovered that the error variances for locations possess an attribute 
common to biological data, heterogeneity. This attribute dictates that 
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only tests for differences between means within a given location can be 
identified with a given level of significance; therefore, for the analy­
sis combined over years and locations, F values are given at the end of 
the table for comparison. 
The eleven variables that were analyzed for differences are listed 
in Table 15. Asterisks, located directly across from each variable, 
indicate that the component directly above the asterisk was a significant 
component of the analyses of variance. This table was inserted to give 
an overall, quick evaluation of the variables and the components within 
the variables that vers significantly different. For instance, years 
contributed highly significant differences to three of the eleven vari­
ables that were analyzed, location one of the eleven, variety one of 
eleven, etc. 
Significant differences due to sources of eggs 
and interactions with sources of eggs 
The three geographical populations were compared for differences 
within each of the eleven variables and some very interesting differences 
were noted. However, differences due to sources of eggs and interactions 
involving sources of eggs are of primary interest. 
Significant differences among the three populations (due to sources 
of eggs) were found in three of the eleven variables tested. There were 
differences In numbers of moths emerged, numbers of dlapausing larvae, 
and percent of total surviving forms that entered diapause. 
Significantly more moths emerged from the Missouri and Iowa popula­
tions than from the Minnesota population, regardless of the location or 
Table 15. Summary table for analysis of variance of 11 variables for the 1963-64 combined 
analysis® 
Component tested^  
Variable Y L YL V YV LV YLV S YS LS VS YLS YVS LVS YLVSC 
Moths emerged Mt * * ** * 
Days to 80% emergence ** ** 
Diapausing larvae ** ** * *•* ** ** 
Total forms ** ** ** 
Percent survival x/720 ** ** ** * ** ** 
Cavities above Mt ** 
Cavities below ** ** * * * 
Cavities ear and shank ** * 
Total cavities ** irk ick ** * 
Cavities per form * * 
Percent of total surviving 
forms entering diapause * ** * ** ** ** ** 
h^e actual analysis is in Table 27, Appendix. 
** _ Calculations based on 95 and 99 percent levels of significance, respectively. 
= years, L = locations, V = variety, S » source of eggs, all others are combinations, 
representing interactions of components involved. 
year conq>oaent (Figure 5). However, when days from egg-hatch to 80 per­
cent emergence was used as the criterion for rate of development, non­
significant differences due to sources of eggs were found. The data 
indicate that although differences in numbers of moths emerging occurred 
among the populations, the time required for 80 percent of a given 
population to emerge is approximately the same. 
Numbers of diapausing larvae, as well as percent of the total sur­
viving forms that entered diapause from the three populations differed 
significantly from each other (Figure 6). The Minnesota population 
produced higher numbers of diapausing larvae and a greater percent of 
surviving forms that entered diapause than the Iowa population. The Iowa 
population excelled the Missouri population in the same aspects. It is 
of interest to note that no significant differences were found in total 
forms, percent survival and feeding habits among the three populations. 
Several interactions involving sources of eggs were identified as 
significant components in the analyses of variance. The year x source of 
eggs (YS) interaction in the cavities below the ear analysis was due to 
the failure of the Missouri population to produce the same relative 
number of cavities in both years. Some of the interactions are meaningful 
while others are not. For the total cavities analysis the significant 
relationship between source of eggs and geographical region in which they 
were utilized is shown in Figure 7 as is the significant year x location 
X source of eggs interaction in the analysis of variance for percent of 
total surviving forms that entered diapause (Figure 8). Many conjectures 
could be made concerning these interactions. However, the most applicable 
Fig. 5. Average number of moths emerged 
per cage by source of eggs 
Fig. 6. Average number of larvae per replication 
found at dissection time and percen' of 
total surviving larvae that entered 
diapause by source of eggs 
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is that the interactions are a measure of the ineffectiveness of sources 
of eggs (geographical populations) to act in the same manner when sub­
jected to similar treatments. 
Significant differences in variables and 
interaction of variables other than source of eggs 
The year in which the experiment was conducted was found to be 
significant in four of the eleven variables analyzed. In each case, 1963 
responses were significantly greater than the 1964 responses in the fol­
lowing aspects: (1) more time was required to reach the 80 percent 
emergence date, (2) sors diapausing larvae were found at dissection time, 
(3) a higher percent of the initial population survived, and (4) a higher 
percent of the initial population that survived entered diapause. 
The location of the experimental plots was a significant component 
in only one of the eleven variables tested. The Minnesota location was 
significantly different from the Missouri location in number of days 
required from egg hatch to 80 percent emergence. 
An inspection of the year x location interaction reveals that this 
component contributed significant differences in ten of the eleven vari­
ables analyzed. This indicates that in this type of field experiment, 
although special precautions are used in planning and executing the 
experiment, uncontrollable factors can influence results. Two factors 
were primarily responsible for the year x location interactions in this 
experiment. An unexpected change in varieties of corn occurred in the 
1963 Iowa location due to a storm and the 1964 plots in Minnesota were 
located in a dro"f^ t stricken area during part of the growing season. 
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Varieties apparently contributed to significant differences in only 
one of the analyses. The data showed that more cavities were made in 
sweetcorn than field corn. It should be pointed out that due to the 
method of combining the data and the underlying assumptions of the 
analysis, the calculated F value for the varieties component is tested 
against a tabular F with only 1 df for both numerator and denominator. 
This is a severe test and if another year's data were added to the present 
data, varieties might possibly show more significant differences. 
The location x variety conq>onent gave highly significant differences 
in the variable, percent survival based ou numbers of eggs used to Infest 
vs total number of forms that survived. The interaction was due to the 
low survival of borers on the field corn at the 1963 Iowa location. The 
same statement holds true for the three cases in which the year x loca­
tion X variety component was highly significant. 
Reciprocal Mating Studies in the Field 
A second experiment was conducted under caged conditions in the 
field in 1964. The primary objective was to investigate the behavior of 
F^  generations of cross-bred borers whose parental stocks were collected 
in three widely separated, midwestern, geographical areas. Parental 
stocks were collected as overwintering larvae in west central Minnesota, 
central Iowa, and southeastern Missouri. The Fj^  generations were the 
result of making all possible combinations of crosses between male and 
female moths from these geographical areas. Eggs from each of the nine 
sources were used to infest twelve sweetcorn plants in each of four 
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ô'x6'x6' plastic-screened cages. 
A summary o£ numbers of moths emerged and dlapausing larvae found 
at dissection time is presented in Table 16. Numbers and locations of 
cavities found at dissection time are summarized by replication in Table 
Table 16. A summary of numbers of moths emerged and diapausing larvae 
found at dissection time per replication for generations 
of borers resulting from cross-bred Iowa, Minnesota, and 
Missouri populations 
Source Replication 
Variable of eggs 1 2 3 4 Total Mean 
62.00 
67 « 00 
63.50 
69.25 
16.75 
77.00 
58.50 
75.75 
82.25 
9.25 
21.50 
6.75 
18.50 
21.00 
19.00 
5.25 
14.00 
1.50 
17. The analyses of variance for these and other pertinent variables is 
found in Table 18. 
A total of eleven variables was measured for each of the nine F^  
generations. Three of the variables, moths emerged, diapausing larvae, 
and percent of total surviving forms that diapaused were significant at 
Moths emerged I X I 57 84 53 54 248 
I X Mi 67 99 53 49 268 
I X Mo 58 78 70 48 254 
Mix I 59 78 67 73 277 
Mi X Mi 18 25 14 10 67 
Mi X Mo 78 91 78 61 308 
Mo X I 65 62 77 30 234 
Mo X Mi 65 70 69 99 303 
Mo X Mo 69 97 88 75 329 
Larvae found I X I 14 10 8 5 37 
at dissection I X Mi 18 28 20 20 86 
time I X Mo 4 5 9 9 27 
Mix I 16 17 23 18 74 
Mi X Mi 22 21 17 24 84 
Mi X Mo 26 15 18 17 76 
Mo X I 9 5 4 3 21 
Mo X Mi 17 9 19 11 56 
Mo X Mo 3 2 1 0 6 
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Table 17. Numbers and location of cavities found due to feeding by 
cross-bred generation larvae, summarized over replications 
Source Replication 
Variable of eKKS 1 2 3 4 Total Mean 
Cavities I X I 50 35 36 35 156 39.00 
above ear I X Mi 34 47 40 40 161 40.25 
I X Mo 47 32 46 40 165 41.25 
Mi s I 41 36 41 40 158 39.50 
Mi X Mi 37 35 33 51 156 39.00 
Mi X Mo 48 48 37 51 184 46.00 
Mo X I 40 42 41 20 143 35.75 
Mo X Mi 38 32 36 43 149 37.25 
Mo X Mo 41 42 52 52 187 46.75 
Cavities I X I 28 30 27 22 107 26.75 
below ear I X Mi 24 29 23 27 103 25.75 
I X Mo 18 27 39 21 105 26.25 
Mi X I 17 24 28 24 93 23.25 
Mi X Mi 28 13 IS 34 93 23.25 
Mi X Mo 31 28 28 19 106 26.50 
Mo X I 28 28 30 10 96 24.00 
Mo X Mi 22 25 28 29 104 26.00 
Mo X Mo 40 32 34 39 145 36.25 
Cavities I X I 23 29 22 20 94 23.50 
in ear and I X Mi 19 39 28 32 118 29.50 
shank I X Mo 29 23 25 23 100 25.00 
Mi X I 23 38 27 28 116 29.00 
Mi X Mi 13 24 22 23 82 20.50 
Mi X Mo 28 24 29 30 111 27.75 
Mo X I 26 23 25 12 86 21.50 
Mo X Mi 31 32 33 34 130 32.50 
Mo X Mo 22 41 38 20 121 30.25 
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Table 18. Analyses of variance for 11 variables on 9 egg sources, leva, 
1964 
Variable Source df MS F* 
Moths emerged R 3 3.040 
S 8 8.784 14.66** 
Error 24 0.599 
Days to 80% emergence R 3 0.916 
S 8 2.715 <1 ns 
Error 24 3.687 
Diapausing larvae R 3 0.307 
S 8 5.535 22.78** 
Error 24 0.243 
Total forms R 3 2.833 
S 8 1.630 2.33 ns 
Error 24 0.697 
Percent survival based on R 3 17.694 
total forms vs. eggs used S 8 9.529 2.20 ns 
for Infestation x/720 Error 24 4.327 
Cavities above ear R 3 16.101 
S 8 54.277 1.10 ns 
Error 24 49.102 
Cavities below ear R 3 17.259 
S 8 61.673 1.45 ns 
Error 24 42.405 
Cavities in ear and shank R 3 80.333 
S 8 69.506 2.27 ns 
Error 24 30.645 
Total cavities R 3 59.879 
S 8 366.187 1.76 ns 
Error 24 207.734 
 ^- significant at 95% level, ** - significant at 99% level, ns -
nonsignificant. 
Table 18. (Continued) 
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Variable Source df MS F® 
Cavities per form per cage R 3 0, .111 
S 8 0. 082 2.93* 
Error 24 0. 028 
Percent of total surviving forms R 3 49. ,936 
S 8 250, ,370 14.27** 
Error 24 17. 539 
the 99 percent level of confidence. One variable, cavities per form per 
cage, was significant at the 95 percent level. 
The array of means that were found to be statistically different due 
to sources of eggs from the cross-bred moths were separated by Duncan's 
multiple range test (Table 19). 
Significantly fewer moths emerged from corn infested with eggs from 
the Mi X Mi mating than any other cross. The array of means for number 
of diapausing larvae found at dissection time was separated into five 
groups; however, one group contained all of the five crosses in which at 
least one parent was of Minnesota origin and four of these crosses 
produced significantly more diapausing larvae than all the other crosses. 
The Mo X Mi cross produced significantly more diapausing larvae than 
three of the remaining four crosses, the exception being the I x I cross. 
The generation of larvae resulting from the Mo x Mo mating had the 
fewest number of diapausing larvae. 
The percent survival of individual generations based on total 
Table 19. The array of means of variables that were found to be statistically different due to 
sources of eggs* 
Number of moths emerged**^ 
Mo X Mo Mi X Mo Mo x Mi Mi x I I x Mi I x Mo I x I Mo x I Mi x Mi 
9.08 8^ 78 8.70 8.34 8^ 4 AiZ lilZ. 7.58 4.18 
Number of diapausing larvae at dissection time**^ 
I x Mi Mi X Mi Mi x Mo Mi x I Mo x Mi I x I 1 x Mo Mo x I Mo x Mo 
4.67 4.63 4.39 4.35 3.77 3.08 2.66 2.36 1.35 
Percent of total survival forms that entered diapause** 
Mi X Mi I X Mi Mi x I Mi x Mo Mo x Mi I x I I x Mo Mo x I Mo x Mo 
24.9 24.9 21.1 19^ 9 16.6 13.0 10.1 8.4 1.8 
Cavities per form per cage*^ 
I x Mo Mo X Mo Mo X I I x I I x Mi Mo x Mi Mi x Mo Mi x I Mi x Mi 
1.38 1.37 U28 L.28 1.13 1.11 1.06 1.05 1.00 
®Any two means not underscored by the same line are significantly different. 
D^ata transformed to x + 0.5. 
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surviving forms vs number of eggs used for infestation, 720 par cage, 
was analyzed and was nonsignificant. However, the percent of the total 
surviving forms that entered diapause among generations exhibited 
highly significant differences among the different crosses. The array 
of means for the last mentioned variable is divided into four overlapping 
groups. When all nine means are compared as a group, all crosses 
resulting from matings in which at least one parent was of Minnesota 
origin had a significantly higher percentage of total surviving forms 
that entered diapause. Subsequent comparisons of lesser numbers of 
means indicate that the Mi x Mi and I x Mi crosses had a significantly 
higher percent of total forms entering diapause while the Mo x Mo cross 
produced a significantly lower percentage. 
Total cavities, as well as location of cavities within individual 
plants were analyzed to determine differences in feeding behavior. All 
of these variables were found to exhibit nonsignificant differences. 
However, when data for cavities per form per cage were analyzed, the 
I x Mo and Mo x Mo crosses produced significantly higher and the Mi x 
Mi cross significantly fewer numbers of cavities per form. 
Two other variables, days to 80 percent emergence and total forms, 
were nonsignificant. These data indicate thgt although significantly 
different numbers of moths emerged among the crosses, all moths emerged 
in approximately the same number of days. It is interesting to note 
that significant differences in total number of forms among the crosses 
were nonexistent. 
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SUMMARY AND CONCLUSIONS 
Laboratory and field studies were utilized to investigate the possi­
bility of the existence of biotypes of the European corn borer in the 
midwest. The results of four experiments, two laboratory and two field, 
are reported. Both laboratory and one field experiment were conducted at 
the European Corn Borer Laboratory, Ankeny, Iowa. The second field exper­
iment was conducted in cooperation with entomologists located at the 
Universities of Minnesota and Missouri. 
A laboratory experiment was designed to test for differences in 
behavior of generations of larvae whose parental stocks were collected 
in Kansas, Iowa, Illinois, Wisconsin, and North Dakota. The larval 
cultures were reared on a synthetic diet, subjected to two temperatures, 
and three photophases. Measurements were made on pupal weights, incidence 
of diapause, and days to 80 percent emergence. Significant differences 
in pupal weights could not be found among the five cultures of borers. 
Significant differences in rate at which the cultures completed their life 
cycle were measured in numbers of days from egg-hatch to 80 percent 
emergence of the culture. Under these laboratory conditions, the Iowa 
and Wisconsin borers developed at approximately the same rate, an average 
of 3.7 and 1.5 days faster than the North Dakota and Illinois cultures, 
respectively. The rate of development for the Illinois culture could not 
be separated from either the North Dakota or Kansas cultures. When the 
geographic populations were evaluated on the basis of diapause incidence, 
tençeratures, photophases, cultures (sources of eggs), plus all interac­
tions among the three factors showed highly significant differences. The 
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array of means for percent diapause within the generations of borers 
reared from parental stocks collected in North Dakota, Wisconsin, 
Illinois, Iowa, and Kansas, showed North Dakota to have the highest arid 
Kansas the lowest with other states ranking as listed. Statistically, 
the generations separated into four overlapping groups, two cultures 
per group. These data indicate a north to south, higher to lower, gradi­
ent in the incidence of diapause among the cultures. Correlations 
between latitude of collection site with days to BO percent emergence and 
incidence of percent diapause were calculated. At 22®C, nonsignificant 
correlations were found, at 28''C, significant positive correlations 
occurred, indicating the farther north the collection site, the higher 
the incidence of diapause among Fj^  generations reared under higher 
temperature conditions. 
The second laboratory experiment utilized overwintering larvae col­
lected in west central Minnesota, central Iowa, and southeastern Missouri 
to initiate nine F^  generations of borers for tests. Nine sources of 
eggs were obtained by making all possible combinations of matings of male 
and female moths from the three overwintering cultures. These nine 
cultures were reared on a synthetic diet, under three photophase condi­
tions at 28*C. Data were taken and analyzed for differences in 10-day-old 
larval weights, pupal weights, percent diapause, and days to 80 percent 
pupation and emergence. 
An examination of the array of means for either 10-day-old larval 
weights or pupal weights indicated definite differences among the progeny 
of the crosses to develop evenly throughout the feeding period; however. 
a general pattern of development among progenies could not be demonstrated. 
Attempts to measure differences in rate of completion of life cycle among 
the progenies were made by analyzing numbers of days from egg-hatch to 80 
percent pupation and emergence. In the array of means for both variables, 
the Mo X Mo cross was at the end of the array requiring the least amount 
of time to cony lete the cycle while the I x Mi and Mi x 1 crosses were on 
the end of the array requiring the most amount of time to complete the 
cycle. Although significant differences were found in the analyses of 
both variables, neither criterion appears to be very useful for separating 
these cultures with the present techniques employed. If data could be 
taken at four hour intervals, instead of daily, throughout the period of 
moth emergence, either criterion might prove to be effective in separating 
the progenies resulting from crosses of geographical populations. 
The array of means for percent diapause among the nine cultures shows 
the Mi X Mi, I x Mi, and Mix I matings to be significantly different 
from all other crosses when all nine means are compared simultaneously. 
However, on subsequent comparisons between fewer numbers of means, the 
array can be divided into five overlapping groups. Progenies of crosses 
in which at least one parent was of Minnesota origin ranked 1 through 5 
in numerically descending order of incidence of diapause. Four of these 
five crosses were significantly different from all other crosses. These 
data indicate a definite influence of the Minnesota population to produce 
single-generation progeny when mated with either Iowa or Missouri popula­
tions. 
The nine sources of eggs, resulting from the previously described 
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matings of Iowa, Missouri, and Minnesota moths, were utilized in field 
tests under caged conditions. The eggs were used to infest Seneca Chief 
sweetcorn grown in cages in the field. Dally records of moth emergence 
were made until emergence was completed; then, the stalks of corn were 
dissected and records of dlapauslng larvae and number, as well as loca­
tion of cavities, were obtained. Analyses of variance for eleven 
variables were run on the data. Three of the variables, numbers of moths 
emerged, numbers of dlapauslng larvae, and percent of total surviving 
forms that entered diapause showed highly significant differences due to 
source of eggs. Cavities per form of borer per cage showed significant 
differences at the 95 percent level due to sources of eggs. These dif­
ferences indicate that something other than host plant, ten^ )erature, and 
day length is Influencing the incidence of moth emergence, diapause, and 
to a lesser degree, feeding habits. 
The Ml X Ml mating produced significantly fewer emerging moths than 
all other crosses. The array of means for the number of dlapauslng 
larvae and percent of total forms that entered diapause for the nine 
generations show supporting evidence for results obtained in the labora­
tory experiment. Both sets of data indicate that all matings in which at 
least one parent was of Minnesota origin were ranked 1 through 5 inclusive 
in descending order of numbers of diapausing larvae. The indication of 
differences in feeding habits was observed Wien cavities per form of 
borer per cage were analyzed. The analysis showed the I x Mo and Mo x Mo 
crosses produce significantly more cavities per form than the Mi x Ml 
cross. 
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One field experiment involved studies of generations of borers 
whose parental stocks were collected in Minnesota, Iowa, and Missouri. 
The three generations were tested under caged conditions in the field 
at Ankeny, Iowa, Waseca, Minnesota, and Portageville, Missouri in 1963 
and 1964. The experiment was designed and conducted in such a manner 
that the data could be analyzed by combining over years and locations. 
Significant differences due to the three geographical populations 
were found in the analysis of variance of three variables, numbers of 
moths emerged, number of diapausing larvae found at dissection time, and 
percent of total surviving forms that entered diapause. Perhaps just as 
important in this experiment is the fact that number of days to 80 percent 
emergence, total forms of the borer, percent survival, and feeding habits 
were all variables that were shown to have nonsignificant differences due 
to sources of eggs. 
The results of the analyses of these experiments lead to the conclu­
sion that biotypes of the corn borer exist in the midwest. The conclusion 
is based primarily on the ability to separate F]^  generations of borers, 
whose parents were collected in areas throughout the midwest, on the basis 
of difference in percent of larvae entering diapause when subjected to 
identical conditions in both laboratory and field experiments. 
The data indicate that there are at least two biotypes of the corn 
borer, the northern in which a percentage of the population undergoes 
obligatory diapause and the southern in which a large percentage of the 
population undergoes facultative diapause. It appears that diapause in 
the corn borer is determined genetically in addition to other factors that 
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have been demonstrated to cause this condition. The results of the 
experiments lead to the theory that diapause in this insect is governed 
by a multi-genetic make-up which responds to changes in temperature and 
photoperiod. The concentration of the genes in an individual determines 
the extremes of temperature and photoperiod that can be experienced 
before diapause is induced. Thus, an individual larva with a low con­
centration of diapause inducing genes could withstand shorter days and 
cooler temperatures vithout inducing diapause than one with a high con­
centration of diapause inducing genes. Whether these two biotypes have 
originated due to the process of natural selection operating to concen­
trate the genes responsible for diapause in the northern biotype or due 
to separate introductions of the borer, as suggested earlier by Barber 
1 
(1928) and lately by H. C. Chaing , has not been determined. 
The results of all four experiments are in line with the multigenetic 
control of diapause theory. When cultures of North Dakota, Wisconsin, 
Illinois, Iowa, and Kansas were reared under laboratory controlled condi­
tions, their ranked order according to percent diapause in the culture 
was north to south, indicating a higher to lower concentration of 
diapause inducing genes. The correlation between degree latitude of 
collection site and percent diapause when reared at 28°C fits the theory 
also; however, a nonsignificant correlation was found at the 22*C treat­
ment, indicating that this difference in temperature had a greater effect 
D^r. H. C. Chiang, Dept. of Entomology and Economic Zoology, Univ. 
of Minn., St. Paul 1, Minn. Biotypes of European corn borer. Private 
communication. 1964. 
D 
on the gene concentration for diapause in some cultures than in others. 
The field and laboratory tests In which nine sources of eggs, 
resulting from all possible crosses of male and female moths from Iowa, 
Minnesota, and Missouri moths were tested, also agree with the theory. 
In both the laboratory and field experiments, it was noted that any cross 
in which at least one parent was of Minnesota origin was ranked 1 through 
5 in the array of nine means, listed in descending order" of diapause 
inducing ability. When percent of the diapausing population was the 
basis of comparison, the Mi x Mi mating produced the highest percent 
diapause, fcllcwsd by the Minnesota and Iowa matings and then the 
Minnesota and Missouri matings. No evidence was obtained to indicate 
that the diapause response was sex-linked. 
Further evidence confirming the theory was made in 1963 and 1964 
when the Minnesota, Iowa, and Missouri sources of eggs were used in field 
studies at all three locations. In these studies, the rank of the percent 
of surviving forms that entered diapause was always Minnesota, Iowa, and 
Missouri, higher to lower, respectively, regardless of location or year. 
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Table 20. Sumnary of analyses of variance for three variables tested on 
five sources of eggs under laboratory conditions 
Model* 
%ijkl = + ri + Tj + + Pk + (PT)+ ôijk + Si + (PS)^ i + (TS)ji + 
j^kl 
Treatments Tj, S^ , and all interactions among the three are 
considered fixed. 
Error terms and Yiikl random variables N,I(0,o^ ). 
Skeleton of analysis 
Source of variation È1 EMS 
Replications (r-1) '"a^  + 
2 tps 0^  
Temperatures (t-1) 2 rps Kj 
Error a (r-l)(t-l) 
'a' 
Photophases (p-1) + rst Kp^  
T X P (t-1)(p-1) 0-^ 2 + r s K^ p 
Error b t(r-l)(p-l) 
Source of eggs (8-1) aj- + rtp 
T X S (t-l)(s-l) o-c^  + rp K^ s 
P X S (p-l)(s-l) c^' + rt Kps 
P X T X S (p-l)(t-l)(s-l) c^' + r K§TS 
Error c tp (r-l)(s-l) 
T^he model for pupal weights has a sampling error term, 8., 
that is also considered a random variable with N,(0,a^ ). 
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Table 20. (Continued) 
Variable Source df MS F& 
Pupal Replications 3 106 .77 
weights Temperature 1 7 .78 <1 ns 
Error a 3 41 .39 
Photophase 1 306 .22 7 .61* 
P X T 1 67 .45 1 .68 ns 
Error b 6 40 .23 
Source of eggs 4 102 .69 2 . 12 ns 
P X S 4 86 .83 1, .79 ns 
T X S 4 44, .62 <1 ns 
P X T X S 4 28, .77 <1 ns 
Error c 48 48, .40 
Sampling error 1,694 26, .04 
Percent Replications 3 1. ,17 
diapause Temperature 1 281. 87 503. ,34** 
Error a 3 0. 56 
Photophase 2 503. ,44 1,071. ,15** 
P X T 2 69. ,90 148. ,72** 
Error b 12 0, .47 
Source of eggs 4 23. 49 87. ,00** 
P X S 8 5. ,03 18. 63** 
T X S 4 3. 54 13. 11** 
P X T X S 8 2. 88 10. 67** 
Error c 72 0. 27 
Days to 80% Replications 3 1. 05 
emergence Temperature 1 2,520. 01 692. 31** 
Error a 3 3. 64 
Photophase 1 101. 11 38. 44** 
P X T 1 0. 62 <1 ns 
Error b 6 2. 63 
Source of eggs 4 43. 11 27. 28** 
P X S 4 1. 08 <1 ns 
T X S 4 4. 23 2. 68* 
P X T X S 4 0. 70 <1 ns 
Error c 48 1. 58 
- significant at 95% level, ** - significant at 99% level, ns -
nonsignificant. 
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Table 21. Summary of analyses of variance for five variables tested on 
nine sources of eggs under laboratory conditions 
Model* 
Xijk = P + Pj + e^j + + (PS) jk + &ijk 
Treatments Pj and and their interaction (PS)jk are 
considered fixed. 
Error terms 6^  ^and are random variables, N,I(0,a^ ) 
Skeleton of analysis 
Source EMS 
Replication (r-1) a^^  + ps 0§ 
Photophases (p-1) rs Kp 
Error a (r-1)(p-1) 
Source of eggs (6-1) + rp k| 
P X S (p-l)(s-l) Ob^  + kIs 
Error b p(r-l)(s-l) °b^  
®The model for 10-day-old larval weights and pupal weights includes 
a sampling error term, Sijkl» is also considered a random variable 
with N,I(0,o^ ). 
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Tâbl6 21. (Concî.nu6<i/ 
Variable Source df MS pb 
10-day-old Replications 3 127.18 
larval Photophase 2 50,479.18 465.20** 
weights Error a 6 108.51 
Source of eggs 8 1,399.10 10.76** 
P X S 16 184.13 1.41 ns 
Error b 72 130.07 
Sampling error 972 100.22 
Pupal Replications 3 5.50 
weights Photophase 1 34.04 1.20 ns 
Error a 3 28.32 
Source of eggs 8 58.42 3.31** 
P X S 8 30.90 1.75 ns 
Error b 48 17.67 
Sampling error 1,835 9.88 
Percent Replications 3 0.28 
diapause Photophase 2 430.92 501.06** 
Error a 6 0.86 
Source of eggs 8 21.11 44.91** 
P X S 16 1.88 4.00** 
Error b 72 0.47 
Days to 80% Replications 3 4.33 
emergence Photophase 1 287.99 159.11** 
Error a 3 1.81 
Source of eggs 8 19.22 8.77** 
P X S 8 3.31 1.51 ns 
Error b 48 2.19 
Days to 80% Replications 3 1.57 
pupation Photophase 1 288.00 569.69** 
Error a 3 0.33 
Source of eggs 8 15.33 8.56** 
P X S 8 3.56 1.99 ns 
Error b 48 1.79 
 ^•• significant at 95% level, ** - significant at 99% level, ns -
nonsignificant. 
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Table 22. Summary of moths emerged in 1963 and 1964 by replications 
within a location on a given host 
Source Replication 
Year Location Host of eggs 1 2 3 4 Total Mean 
1963 Iowa Sweet corn I x I 45 28 42 115 38.33 
Ml X Mi 12 19 26 57 19.00 
Mo X Mo 46 91 43 180 60.00 
Field corn I x I 6 5 3 14 4.66 
Mi X Mi 0 2 1 3 1.00 
Mo X Mo 3 5 7 15 5.00 
Minn. Sweet corn I x I 64 69 89 222 74.00 
Ml X Mi 9 17 14 40 13.33 
Mo X Mo 145 116 78 339 113.00 
Field corn I x I 70 36 60 166 55.33 
Mi X Mi 40 29 6 75 25.00 
Mo X Mo 159 81 22 262 87.33 
Mo. Sweet corn I x I 72 82 80 234 78.00 
Mi X Mi 28 41 28 97 32.33 
Mo X Mo 111 116 100 327 109.00 
Field corn I x I 45 50 24 119 39.66 
Mi X Mi 13 16 22 51 17.00 
Mo X Mo 66 76 96 238 79.33 
1964 Iowa Sweet corn I x I 57 84 53 54 248 62.00 
Mi X Mi 18 25 14 10 67 16.75 
Mo X Mo 69 97 88 75 329 82.25 
Field corn I x I 38 44 51 37 170 42.50 
Mi X Mi 2 7 7 4 20 5.00 
Mo X Mo 50 51 54 54 209 52.25 
Minn. Sweet corn I x I 66 56 11 10 143 35.75 
Mi X Mi 30 26 13 18 87 21.75 
Mo X Mo 38 39 13 26 116 29.00 
Field corn I x I 30 41 59 31 161 40.25 
Mi X Mi 16 15 23 8 62 15.50 
Mo X Mo 32 34 32 31 129 32.25 
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Table 22. (Continued) 
Loca- Source Replication 
Year tion Host of eggs 1 2 3 4 Total Mean 
Sweet corn I : X I 29 47 56 20 152 38. ,00 
Mi X Mi 6 6 12 17 41 10. 25 
Mo X Mo 62 97 58 56 273 68. ,25 
Field corn I ; X I 18 28 21 72 139 34. 75 
Mi X Mi 1 5 3 5 14 3. 50 
Mo X Mo 37 39 58 87 221 55. 25 
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Table 23. Summary of larvae found at dissection time in 1963 and 1964 
by replications within a location on a given host 
Year Location 
Source 
of eggs 1 
Replication 
2 3 4 Total Mean 
1963 Iowa Sweet corn I X I 21 8 12 41 13.66 
Mi X Mi 37 22 22 81 27.00 
Mo X Mo 1 0 2 3 1.00 
Field corn I X I 0 1 4 5 1.66 
Mi X Mi 1 1 3 5 1.66 
Mo X Mo 2 4 4 10 3.33 
Minn. Sweet corn I X I 23 14 11 48 16.00 
Mi X Mi 31 34 24 89 29.66 
Mo X Mo 6 2 1 9 3.00 
Field corn I X I 9 12 8 29 9.66 
Mi X Mi 50 31 7 38 29.33 
Mo X Mo 3 0 1 4 1.33 
Mo. Sweet corn I X I 52 45 33 130 43.33 
Mi X Mi 60 53 88 201 67.00 
Mo X Mo 12 6 20 38 12.66 
Field corn I X I 42 44 9 95 31.66 
Mi X Mi 68 72 99 239 79.66 
Mo X Mo 4 18 26 48 16.00 
1964 Iowa Sweet corn I X I 14 10 8 5 37 9.25 
Mi X Mi 22 21 17 24 84 21.00 
Mo X Mo 3 2 1 0 6 1.50 
Field corn I X I 3 9 8 5 25 6.25 
Mi X Mi 19 30 25 25 99 24.75 
Mo X Mo 1 5 3 2 11 2.75 
Minn. Sweet corn I X I 1 5 3 4 13 3.25 
Mi X Mi 2 6 9 4 21 5.25 
Mo X Mo 1 1 2 4 8 2.00 
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Table 23. (Continued) 
Year Location Host 
Source 
of eKKS 1 
Replication 
2 3 4 Total Mean 
1964 Minn. Field corn I X I 3 3 7 0 13 3.25 
Mi X Mi 1 1 6 4 12 3.00 
Mo X Mo 0 0 1 1 2 0.50 
Mo. Sweet corn I X I 28 45 40 28 141 35.25 
Mi X Mi 47 67 52 49 215 53.75 
Mo X Mo 0 7 2 2 11 2.75 
Field corn I X I 16 27 19 23 85 21.25 
Mi X Mi 20 51 21 50 142 35.50 
Mo X Mo 18 4 3 1 26 6.50 
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Table 24. Summary of location of cavities found at dissection time in 
1963 and 1964 by replications within a location on a given 
host 
Location Location Source Replication 
of expt. Host of cavities of eggs 1 2 3 4 Total Mean 
1963 
Iowa Sweet corn Above ear 1 x 1  55 28 33 116 38.66 
Mi X Mi 48 31 44 123 41.00 
Mo X Mo 39 61 41 141 47.00 
Below ear Ï X I 33 24 31 78 26.00 
Mi X Mi 32 25 34 89 29.66 
Mo X Mo 21 37 31 89 29.66 
tar & shank I x I 14 4 8 26 8.66 
Mi X Mi 12 6 9 27 9.00 
Mo X Mo 4 9 4 17 5.66 
Field corn Above ear I X I 3 9 4 16 5.33 
Mi X Mi 3 5 3 11 3.66 
Mo X Mo 3 7 8 18 6.00 
Below ear I X I 4 3 7 14 4.66 
Mi X Mi 3 3 3 9 3.00 
Mo X Mo 8 9 9 26 8.66 
Ear & shank I X I 1 0 0 1 0.33 
Mi X Mi 2 0 0 2 0,66 
Mo X Mo 1 1 1 3 1.00 
Minn. Sweet corn Above ear I X I 45 52 65 162 54.00 
Mi X Mi 52 51 49 152 50.66 
Mo X Mo 61 38 43 142 47.33 
Below ear I X I 34 23 18 75 25. 00 
Mi X Mi 32 25 9 66 22. 00 
Mo X Mo 43 28 18 89 29. .66 
Ear & shank I X I 18 14 10 42 14. ,00 
Mi X Mi 14 11 14 39 13, ,00 
Mo X Mo 23 17 12 52 17. 33 
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Table 24. (Continued) 
Location Location Source Replication 
of expt. Host of cavities of eggs 1 2 3 4 Total Mean 
1963 
Minn. Field corn Above ear I X I 40 37 39 116 38.66 
Mi X Mi 59 52 47 158 52.66 
Mo X Mo 63 47 18 128 42.66 
Below ear I X I 51 47 25 123 41.00 
Mi X Ml 58 39 37 134 44.66 
Mo X Mo 61 40 17 118 39.33 
Ear & shank I X I 11 5 7 23 7.66 
Mi X Mi 15 14 1 30 10.00 
Mo X Mo 15 9 1 25 8.33 
Mo. Sweet corn Above ear I X I 80 79 86 245 81.66 
Ml X Mi 72 96 123 291 97.00 
Mo X Mo 66 73 96 235 78.33 
Below ear I X I 22 47 37 106 35.33 
Mi X Ml 27 29 45 101 33.66 
Mo X Mo 27 18 27 72 24.00 
Ear & shank I X I 24 29 33 86 28.66 
Ml X Ml 38 36 48 122 40.66 
Mo X Mo 26 32 27 85 28.33 
Field corn Above ear I X I 70 70 35 175 58.33 
Mi X Ml 72 64 93 229 76.33 
Mo X Mo 62 56 74 192 64.00 
Below ear I X I 68 336 19 123 41.00 
Ml X Ml 83 55 89 227 75.66 
Mo X Mo 11 27 35 73 24.33 
Ear & shank I X I 20 21 4 45 15.00 
Mi X Mi 26 13 19 58 19.33 
Mo X Mo 5 13 25 43 14.33 
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Table 24. (Continued) 
Location Location Source Replication 
of expt. Host of cavities of eggs 1 2 3 4 Total Mean 
1964 
Iowa Sweet corn Above ear I X I 50 35 36 35 156 39.00 
Mi X Mi 37 35 33 51 156 39.00 
Mo X Mo 41 42 52 52 187 46.75 
Below ear I X I 28 30 27 22 107 26.75 
Mi X Mi 28 13 18 34 93 23.25 
Mo X Mo 40 32 34 39 145 36.25 
Ear & shank I X I 23 29 22 20 94 23.50 
Mi X Mi 13 24 22 23 82 20.50 
Mo X Mo 22 41 38 20 121 30.25 
Field corn Above ear I X I 31 51 46 49 177 44.25 
Mi X Mi 26 55 43 35 159 39.75 
Mo X Mo 43 39 47 39 168 42.00 
Below ear I X I 22 23 23 33 101 25.25 
Mi X Mi 22 28 27 21 98 24.50 
Mo X Mo 20 46 31 34 131 32.75 
Ear & shank I X I 3 10 7 25 45 11.25 
Mi X Mi 8 7 9 13 37 9.25 
Mo X Mo 5 2 4 2 13 3.25 
Minn. Sweet corn Above ear I X I 37 35 20 26 118 29.50 
Mi X Mi 27 22 31 19 99 24.75 
- Mo X Mo 22 24 21 20 87 21.75 
Below ear I X I 29 35 33 40 137 34.25 
Mi X Mi 30 35 34 51 150 37.50 
Mo X Mo 25 31 28 36 120 30.00 
Ear & shank I X I 18 14 8 9 49 12.25 
Mi X Mi 12 16 15 14 57 14.25 
Mo X Mo 12 14 10 7 53 13.25 
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Table 24. (Continued) 
Location Location Source Replication 
of expt. Host of cavities of eggs 1 2 3 4 Total Mean 
1964 
Minn. Field com Above ear I X I 37 35 46 37 155 38.75 
Mi X Mi 19 27 36 11 93 23.25 
Mo X Mo 25 29 31 35 120 30.00 
Below ear I X I 38 41 62 33 174 43.50 
Mi X Mi 23 43 35 22 123 30.75 
Mo X Mo 35 31 34 42 142 35.50 
Ear & shank I X I 4 5 6 5 20 5.00 
Mi X Mi 2 2 3 6 13 3.25 
Mo X Mo 6 2 3 5 16 4.00 
Mo. Sweet corn Above ear I X I 75 93 99 80 347 86.75 
Mi X Mi 110 120 166 85 481 120.25 
Mo X Mo 58 67 61 59 245 61.25 
Below ear I X I 27 28 26 14 95 23.75 
Mi X Mi 28 23 17 33 101 25.25 
Mo X Mo 10 26 24 28 88 22.00 
Ear & shank I X I 21 7 34 3 65 16.25 
Mi X Mi 28 12 22 41 93 23.25 
Mo X Mo 9 23 18 6 56 14.50 
Field corn Above ear I X I 34 45 42 52 173 43.25 
Mi X Mi 40 62 37 46 185 46.25 
Mo X ho 28 27 39 56 150 37.50 
Below ear I X I 10 19 21 20 70 17.50 
Mi X Mi 10 32 8 42 92 23.00 
Mo X Mo 23 18 22 29 92 23.00 
Ear & shank I X I 9 10 8 14 41 10.25 
Mi X Mi 5 10 4 13 42 10.50 
Mo X Mo 3 10 9 8 30 7.50 
Table 25. Summary of analyses of variance by location for 11 variables in the years 1963 and 196^  ^
Model 
Xijk = ^  + ^ i + Vj + 6ij + Sk + (SV)jk + ôijk 
Assumptions 
Varieties (Vj) and Source of eggs (S^ ) and their interaction (SV)jk are considered fixed, 
and are random errors, N,I(0,a^ ) 
Skeleton of analysis 
Source M EMS 
Replications (r-1) a^^  + VS ffj.' 
Varieties (v-1) + rs kJ 
Error a (r-1)(v-1) 
Source of eggs (8-1) + rv k| 
S X V (8-1)(v-1) 
CM 
+ 
' 4v 
Error b V (r-l)(s-l) 
Table 25. (Continued) 
1963 locations 
Variable Source df 
Iowa Minnesota Missouri 
MS F* MS F MS F 
Moths emerged R 2 0.473 7.444 0.471 
V 1 77.914 1, 590.81** 1.777 <1 16.171 151.13** 
Error a 2 0.049 5.400 0.107 
S 2 7.639 7.75* 46.736 16.02** 33.980 56.26** 
SV 2 1.780 1.81 3.445 1.18 0.541 <1 
Error b 8 0.985 2.916 0.604 
Days to 80% R 2 6.499 0.166 5.055 
emergence V 1 60.499 19.09* 26.888 11.26 20.055 2.13 
Error a 2 3.166 2.388 9.388 
S 2 32.166 4.39 2.666 1.31 2.722 <1 
SV 2 8.166 1.17 4,222 2.08 4.388 1.33 
Error b 8 7.000 2.028 3.306 
Diapausing R 2 0.444 3.106 0.270 
larvae V 1 14.247 11.60 1.413 10.46 0.004 <1 
Error a 2 1.228 0.135 1.104 
S 2 4.690 28.42** 21.598 25.49** 35.267 16.10*Tk 
SV 2 8.067 48.89** 0.100 <1 1.526 <1 
Error b 8 0.165 0.847 2.190 
- significant 95% level, ** - significant 99% level, ns - nonsignificant. 
Table 25. (Continued) 
1963 locations 
Iowa Minnesota Missouri 
Variable Source df MS F* MS F MS F 
Total forms R 2 0.087 12.420 0.275 
V 1 104.403 256.518** 4.134 <1 8.928 69.75** 
Error a 2 0.407 5.546 0.128 
S 2 1.705 1.80 14.018 5.09* 0.832 <1 
SxV 2 0.092 <1 2.150 <1 2.527 1.28 
Error b 8 0.947 2.755 1.967 
Percent R 2 0.244 67.349 2.595 
survival based V 1 193.651 292.97* 16.150 <1 60.207 74.42* 
on total forms Error a 2 0.661 23.317 0.809 
vs eggs used S 2 3.092 <1 83.519 5.16* 5.042 <1 
for infesting SxV • 2 0.676 <1 13.594 <1 16.203 1.43 
x/720 Error b 8 4.274 16.190 11.303 
Cavities R 2 13.555 119.055 340.055 
above ear V 1 6,234.721 108.33** 107.555 1.04 1 ,701.388 5.15 
Error a 2 57.555 103.722 330.055 
S 2 37.722 <1 66.888 <1 519.388 2.16 
SxV 2 22.055 <1 73.555 <1 32.055 <1 
Error b 8 95.222 156.139 239.558 
Cavities R 2 10.888 1,001.055 68.666 
below ear V 1 2,664,499 1,332.91** 1,168.055 38.02* 1 ,151.999 6.24 
Error a 2 1.999 30.722 184.666 
S 2 11.055 <1 3.722 <1 1 ,398.499 4.96* 
SxV 2 15.166 <1 63.388 1.72 771.166 2.74 
Error b 8 25.444 36.805 281.751 
Table 25. (Continued) 
1963 locations 
Variable Source df 
Iowa Minnesota Missouri 
MS F* MS F MS F 
Cavities ear R 2 9.555 108.388 22.166 
and shank V 1 227.555 78.79* 168.055 17.90 1,042.722 40.02* 
Error a 2 2.888 9.388 26.055 
S 2 3.722 <1 6.222 <1 178.166 2.79 
SxV 2 6.722 <1 13.555 1.06 45.388 <1 
Error b 8 7.972 12.805 63.777 
Total R 2 24.222 2,936.166 856.722 
cavities V 1 21, 080.885 262.78** 174.222 <1 1,567.999 1.35 
Error a 2 80.222 266.055 1,161.166 
S 2 54.055 <1 15.499 <1 5,106.888 4.08 
SxV 2 17.055 <1 397.722 1.20 408.666 <1 
Error b 8 301.556 331.114 1,251.284 
Cavities per R 2 2.091 1.233 0.056 
form per V 1 5.162 2.73 2.332 1.24 0.135 <1 
cage Error a 2 1.892 1.883 0.147 
S 2 3.694 2.05 4.239 3.07 0.757 36.05** 
SxV 2 2.330 1.29 0.475 <1 0.079 3.76 
Error b 8 1.803 1.381 0.021 
Percent of R 2 314.635 40.939 8.569 
total sur­ V 1 1 ,170.150 4.03 156.822 2.72 327.253 3.90 
viving forms Error a 2 289.596 57.645 83.881 
entering S 2 3 ,345.312 7.96* 5,692.240 256.43** 5,779.471 77.98** 
diapause SxV 2 595.559 1.42 103.107 4.64* 58.140 <1 
Error b 8 420.476 22.198 74.115 
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Table 26. S of analyses of variance by years (locations combined) 
for eleven variables 
Model 
Xijk = H + Li + «/Mi + Vj + (Wij + + 3% + CLS)n + (VS)jt + 
+ »ijk 
Assumptions 
Locations (L), varieties (V), source of eggs (S) and interactions 
among the three are fixed variables. 
(R/L)^ , 6^ j, are assumed to be random errors with N,I(0,o^ ) 
Skeleton analysis 
Source M EMS 
Locations (1-1) + rvs ] 
Replications/locations l(r-l) °?/i 
Varieties (v-1) + ris 4 
L X V (1-1)(v-1) + 
Error a l(r-l)(v-1) 
Source of eggs (s-1) °b + rlv k| 
L X S (1-1)(s-1) °b + 
V X S (v-1)(s-1) + 
L X V X S (1-1)(v-1)(s-1) + 
Error b lv(r-l)(s-l) 
r2 
'L 
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Table 26. (Continued) 
Variable Source 
1963 1964 
df MS pa df MS F 
Moths emerged L 2 67.612 24.18 2 8.103 3.90 
RxL 6 2.796 9 2.073 
V 1 67.036 36.19 1 8.503 2.65 
VxL 2 14.412 7.78 2 3.472 1.08 
Error a 6 1.852 9 3.205 
S 2 78.949 52.59 2 99.073 127.18 
SxL 4 4.704 3.13 4 11.143 14.30 
SxV 2 3.558 2.37 2 2.293 2.94 
SxLxV 4 1.103 <1 4 0.243 <1 
Error b 24 1.501 36 0.779 
Days to 80 L 2 481.018 123.12 2 767.541 137.38 
percent RxL 6 3.907 9 5.587 
emergence V 101.407 20,36 1 66.125 10.76 
VxL 2 3.018 <1 2 23.041 3.75 
Error a 6 4.981 <1 9 6.143 
S 2 6.351 1.54 2 0 <1 
SxL 4 15.601 3.78 4 . 5.104 <1 
SxV 2 11.796 2.87 2 7.166 <1 
SxLxV 4 2.490 <1 4 2.895 <1 
Error b 24 4.112 36 . 7.825 
Diapausing L 2 62.645 49.17 2 36.081 53.14 
larvae RxL 6 1.274 9 0.679 
V 1 8.434 10.26 1 2.172 2.36 
VxL 2 3.615 4.39 2 0.945 1.03 
Error a 6 0.822 9 0.920 
S 2 54.116 50.71 2 69.082 167.27 
SxL 4 3.720 3.48 4 4.497 10.88 
SxV 2 3.377 3.16 2 1.295 3.13 
SxLxV 4 3.158 2.96 4 1.237 2.99 
Error b 24 1.067 36 0.413 
h^e following F-values are for comparison 
df 
Numerator Denominator 95% 99% 
1 6 5.99 13.74 
1 9 5.12 10.56 
2 6 5.14 10.92 
2 9 4.26 8.02 
2 24 3.40 5.61 
2 36 3.26 5.25 
4 24 2.78 4.22 
4 36 2.63 3.89 
Table 26. (Continued) 
Variable Source 
1963 1964 
df MS pa df MS F 
Total forms L 2 125.570 29.47 2 34.152 13.78 
RxL 6 4.261 9 2.478 
V 1 77.411 38.19 1 21.254 5.87 
VxL 2 20.027 9.88 2 6.472 1.79 
Error a 6 2.027 9 3.618 
S 2 10.396 5.50 2 4.354 6.35 
SxL 4 3.079 1.63 4 0.560 <1 
SxV 2 2.176 1.15 2 5.764 8.40 
SxLxV 4 1.296 <1 4 0.915 1.33 
Error b 24 1.889 36 0.686 
Percent L 2 458.521 19.59 2 131.191 13.57 
survival RxL 6 23.396 9 9.665 
based on total y 220.058 26.63 1 94.662 6.11 
forms vs eggs VxL 2 24.974 3.022 2 29.122 1.88 
used for Error a 6 8.262 9 15.474 
infestation S 2 53.898 5.09 2 14.374 4.75 
x/720 SxL 4 18.878 1.78 4 2.331 <1 
SxV 2 20.452 1.93 2 18.598 6.14 
SxLxV 4 5.011 <1 4 5.071 1.67 
Error b 24 10.589 36 3.028 
Cavities L 2 12,339.014 78.31 2 8 ,648.093 70.41 
above ear RxL 6 157.555 9 122.824 
V 1 5,683.628 34.70 1 3 ,556.055 14.75 
VxL 2 1,180.018 7.21 2 4 ,933.762 20.47 
Error a 6 163.777 9 240.972 
S 2 252.740 1.54 2 575.597 5.75 
SxL 4 185.629 1.13 4 985.242 9.85 
SxV 2 20.962 <1 2 628.180 6.28 
SxLxV 4 53.351 <1 4 406.326 4.06 
Error b 24 163.641 36 100.080 
Cavities L 2 2,227.573 6.18 2 1, 074.013 14.19 
below ear RxL 6 360.203 9 75.643 
V 1 90.740 1.25 1 2.347 <1 
VxL 2 2,446.906 33.76 2 43.597 <1 
Error a 6 72.462 9 96.662 
S 2 366.351 3.19 2 40.013 <1 
SxL 4 523.462 4.56 4 149.888 2.55 
SxV 2 335.574 2.93 2 34.847 <1 
SxLxV 4 257.074 2.24 4 92.097 1.57 
Error b 24 114.667 36 58.639 
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Table 26. (Continued) 
Variable Source 
1963 1964 
df MS pa df MS F 
Cavities in L 2 1,762.574 37.73 2 406.263 17.81 
ear and RxL 6 46.703 9 22.847 
shank V 1 1,213.629 94.97 1 2.485.124 44.41 
VxL 2 112.351 8.79 2 120.874 2.16 
Error a 6 12.777 9 55.958 
S 2 65.351 2.32 2 23.263 <1 
SxL 4 61.379 2.18 4 35.388 <1 
SxV 2 8.685 <1 2 47.541 1.12 
SxLxV 4 28.490 1.01 4 103.541 2.46 
Error b 24 28.185 36 42.166 
Total L 2 39,110.883 30.74 2 5,079.054 17.39 
cavities RxL 6 1,272.370 9 292.370 
V 1 9,814.516 19.53 1 12,587.552 23.13 
VxL 2 6,504.295 12.94 2 5,627.388 10.34 
Error a 6 502.481 9 544.370 
S 2 1,673.999 2.66 2 561.055 2.79 
SxL 4 1,751.221 2.78 4 2,148.242 10.68 
SxV 2 424.962 <1 2 1,117.388 5.58 
SxLxV 4 199.240 <1 4 1,026.659 5.10 
Error b 24 627.987 36 200.971 
Cavities L 2 2.098 1.86 2 5.860 5.25 
per form RxL 6 1.126 9 1.116 
V 1 5.788 4.43 1 0.224 <1 
VxL 2 0.921 <1 2 1.849 2.08 
Error a 6 1.307 9 0.889 
S 2 7.448 6.97 2 1.972 9.95 
SxL 4 0.621 <1 4 0.705 3.56 
SxV 1 1.478 1.38 2 0.720 3.63 
SxLxV 4 0,703 <1 4 0.593 2.99 
Error b 24 1.068 36 0.198 
Percent of L 2 1,054.715 8.69 2 5,347.295 51.41 
total sur­ RxL 6 121.381 9 103.950 
viving forms V 1 527.343 3.67 1 510.241 3.71 
that went VxL 2 563.441 3.92 2 1,117.370 8.13 
into Error a 6 143.707 9 137.310 
diapause S 2 14,335.037 83.19 2 19,790.862 440.75 
SxL 4 240.993 1.39 4 1,081.662 24.09 
SsV 2 227.452 1.32 2 1,086.060 24.18 
SxLxV 4 266:677 1.53 4 695.844 15.49 
Error b 24 172.263 36 44.880 
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Table 27. The analyses of variance for eleven variables combined over 
years and locations by method of Cochran and Cox (1957) 
Model 
%ijkm = P + ?! + Lj + (yWij + âjj + + (yv)j^  + (LV)^  ^+ (yI.V)^ j^  + 
®ijk + s. + (ys)i. + + 
(LVS) + (yLVS)^ ,^  + 
Locations (L), varieties (V), and sources of eggs (S) plus all interac­
tions among the three are considered as fixed variables. 
Years (y) and all interactions involving years are considered random 
variables. 
ô^ j, and are random errors that have been averaged over years, 
2 2 locations and replications, assumed N,I(0,(J ) with different cr . 
Skeleton analysis 
Source df EMS 
Year 1 0  ^+ 
a 
2 Ivs 0-^  
Location 2 vs z ("YL + yvs 
YxL 2 CTa + vs °YL 
Error a 15 of 
Variety 1 4 + Is °"yv + yls kJ 
YxV 1 Is °YV 
LxV 2 Ob + s ( ^
L^V 
Table 27. (Continued) 
Skeleton analysis 
Source EMS 
YxLxV 2 2 2 Ob + s OYLV 
Error b 15 oi 
Source of eggs 2 
2 . , 2 - 2 
+ Iv Oyg + ylv Kg 
Y X S 2 0^  + Iv o§g 
L X S 4 2 2 2 Oc + V OyLg + yv K^ s 
V X S 2 Oc + 1 Oyvs + yl Kvs 
YxLxS 4 Oc + V Oyus 
YxVxS 2 0 ^ + 1  o f v S  
LxVxS 4 2 2 2 Or + ^YLVS y KLVS 
YxLxVxS 4 2 . 2 Cc + oYLVS 
Error c 60 4 
Source df MS F 
Moths emerged 
Year 1 2.828 4.10 
Location 2 5.613 <1 
YxL 2 18.950 27.50 
Error a 15 0.689 
Variety 1 19.128 3.58 
YxV 1 5.343 6.88 
LxV 2 4.760 5.22 
YxLxV 2 0.912 1.17 
Error b 15 0.777 
Source of eggs 2 50.531 91.21 
YxS 2 0.554 1.78 
LxS 4 0.958 <1 
VxS 2 0.312 <1 
YxLxS 4 3.396 10.88 
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Table 27. (Continued) 
Source df MS F 
YxVxS 2 1.448 4.64 
LxVxS 4 0.213 <1 
YxLxVxS 4 0.216 <1 
Error c 60 0.312 
Number of days from egg-hatch to 80% emergence 
Year 1 12.741 8.88 
Location 2 351.286 374.11 
YxL 2 0.939 <1 
Error a 15 1.434 
Variety 1 48.606 31.94 
YxV 1 1.528 <1 
LxV 2 5.640 5.01 
YxLxV 2 1.126 <1 
Error b 15 1.656 
Source of eggs 2 1.509 1.00 
YxS 2 1.509 <1 
LxS 4 3.277 1.02 
VxS 2 5.431 18.60 
YxLxS 4 3.200 1.73 
YxVxS 2 0.292 <1 
LxVxS 4 1.308 5.32 
YxLxVxS 4 0.246 <1 
Error c 60 1.849 
Numbers of diapausing larvae found at dissection time 
Year 1 4.438 16.56 
Location 2 26.092 6.85 
YxL 2 3.810 14.22 
Error a 15 0.268 
Variety 1 2.913 6.61 
YxV 1 0.441 1.72 
LxV 2 0.187 <1 
YxLxV 2 1.254 4.88 
Error b 15 0.257 
Source of eggs 2 35.304 7,060.80 
YxS 2 0.005 <1 
LxS 4 1.480 1.67 
VxS 2 1.323 10.42 
YxLxS 4 0.884 4.73 
YxVxS 2 0.127 <1 
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Table 27. (Continued) 
Source df MS F 
LxVxS 4 0.507 <1 
YxLxVxS 4 0.855 4.57 
Error c 60 0.187 
Total forms 
Year 1 3.375 3.63 
Location 2 19.068 <1 
YxL 2 31.327 33.65 
Error a 15 0.931 
Variety 1 27.268 7.08 
YxV 1 3.849 4,42 
LxV 2 7.010 5.46 
YxLxV 2 1.284 1.48 
Error b 15 0.870 
Source of eggs 2 3.878 5.74 
YxS 2 0.676 1.98 
LxS 4 0.336 <1 
VxS 2 0.061 <1 
YxLxS 4 0.831 2.44 
YxVxS 2 2.105 6.17 
LxVxS 4 0.628 19.03 
YxLxVxS 4 0.033 <1 
Error c 60 0.341 
Percent survival, 
based on eggs used for infestation vs total forms. x/720 
Year 1 41.735 9.44 
Location 2 71.895 <1 
YxL 2 113.653 25.71 
Error a 15 4.421 
Variety 1 90.160 13.17 
YxV 1 6.848 1.87 
LxV 2 15.454 102.34 
YxLxV 2 0.151 <1 
Error b 15 3.672 
Source of eggs 2 16.737 3.47 
YxS 2 4.823 2.73 
LxS 4 1.947 <1 
VxS 2 0.119 <1 
YxLxS 4 4.929 2.79 
Table 27. (Continued) 
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Source df MS 
YxVxS 2 11.349 6.43 
LxVxS 4 2.875 46.63 
YxLxVxS 4 0.063 <1 
Error c 60 1.765 
Cavities above ear 
Year 1 136.760 3.43 
Location 2 5,107.130 4.37 
YxL 2 1,167.899 29.32 
Error a 15 39.836 
Variety 1 2,689.574 28.62 
YxV 1 93.982 1.53 
LxV 2 822.992 1.02 
YxLxV 2 803.788 13.12 
Error b 15 61.276 
Source of eggs 2 180.675 3.81 
YxS 2 47.471 1.30 
LxS 4 259.376 5.31 
VxS 2 60.812 <1 
Y.xLxS 4 48.811 1.33 
YxVxS 2 103.220 2.82 
LxVxS 4 80.910 2.10 
YxLxVxS 4 38.456 1.05 
Error c 60 36.614 
Cavities below ear 
Year 1 15.449 <1 
Location 2 433.567 <1 
YxL 2 577.461 10.45 
Error a 15 55.260 
Variety 1 11.204 <1 
YxV 1 19.630 <1 
LxV 2 440.409 1.14 
YxLxV 2 386.126 15.22 
Error b 15 25.369 
Source of eggs 2 32.773 <1 
YxS 2 99.347 4.20 
LxS 4 141.915 2.03 
VxS 2 29.114 <1 
YxLxS 4 70.044 2.96 
YxVxS 2 91.456 3.87 
LxVxS 4 54.353 <1 
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Table 27. (Continued) 
Source df MS F 
YxLxVxS 4 54.362 2.30 
Error c 60 23.639 
Cavities in ear plus shank 
Year 1 2.463 <1 
Location 2 295.904 <1 
YxL 2 393.186 41.61 
Error a 15 9.449 
Variety 1 1,014.245 87.59 
YxV 1 11.579 1.03 
LxV 2 26.258 <1 
YxLxV 2 41.411 3.67 
Error b 15 11.283 
Source of eggs 2 22.284 4.19 
YxS 2 5.316 <1 
LxS 4 25.603 6.91 
VxS 2 7.439 1.01 
YxLxS 4 3.704 <1 
YxVxS 2 7.342 <1 
LxVxS 4 20.059 1.31 
YxLxVxS 4 15.323 1.44 
Error c 60 10.667 
Total cavities 
Year 1 294.693 1.48 
Location 2 9,250.057 1.83 
YxL 2 5,056.667 25.33 
Error a 15 199.603 
Variety 1 6,417.788 10,607.91 
YxV 1 0.605 <1 
LxV 2 1,931.621 1.18 
YxLxV 2 1,643.325 10.68 
Error b 15 153.884 
Source of eggs 2 564.632 4.23 
YxS 2 133.632 1.23 
LxS 4 1,090.098 35.50 
VxS 2 11.593 <1 
YxLxS 4 30.703 <1 
YxVxS 2 409.408 3.78 
LxVxS 4 70.698 <1 
YxLxVxS 4 252.380 2.33 
Error c 60 108.431 
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Table 27. (Continued) 
Source df MS F 
Cavities per form of borer per cage 
Year 1 0.332 1.02 
Location 2 0.587 <1 
YxL 2 1.578 4.83 
Error a 15 0.327 
Variety 1 0.664 <1 
YxV 1 1.322 4.29 
LxV 2 0.691 8.86 
YxLxV 2 0.078 <1 
Zrror b 15 0.308 
Source of eggs 2 2.565 6.24 
YxS 2 0.411 2.57 
LxS 4 0.071 <1 
VxS 2 0.599 8.21 
YxLxS 4 0.313 1.96 
YxVxS 2 0.073 <1 
LxVxS 4 0.345 9.32 
YxLxVxS 4 0.037 <1 
Error c 60 0.160 
Percent of total surviving forms that diapaused 
Year 1 258.981 8.01 
Location 2 1,422-652 5.35 
YxL 2 265.743 8.21 
Error a 15 32.352 
Variety 1 301.412 156.25 
YxV 1 1.929 <1 
LxV 2 450.356 26.84 
YxLxV 2 16.780 <1 
Error b 15 40.794 
Source of eggs 2 9,720.072 1,622.99 
YxS 2 5.989 <1 
LxS 4 244.553 2.30 
VxS 2 172.500 <1 
YxLxS 4 106.194 3.76 
YxVxS 2 174.832 6.19 
LxVxS 4 113.294 <1 
YxLxVxS 4 148.893 5.27 
Error c 60 28.243 
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Table 27. (Continued) 
F-values for comparison 
Level of confidence ?!,! Fi,i5 2^,2 2^,15 2^,60 4^,4 4^,60 
95% 161.00 4.54 19.00 3.68 3.15 6.30 2.52 
99% 4,052.00 8.68 99.00 6.36 4.98 15.98 3.65 
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Table 28. Ingredients of artificial European corn borer diet 
(1200 grams) 
Ingredients Amount 
Distilled water 1200 ml. 
Agar 27.0 g. 
Dextrose 39.0 g. 
Casein 39.0 g 
Chclestsrcl 3.0 g. 
Salt mixture No. 2^  5.0 g. 
Yeast 21.0 g. 
Leaf and whorl powder 54.0 g. 
Wheat germ oil 3.0 ml. 
Vitamin supplement^  9.0 g. 
Ascorbic acid 12.0 g. 
Mold inhibitor 2.4 g.^  
Directions: 
1. Cook one-half water and agar for 5 min. 
2. Add leaf and whorl and cook for 15 min. 
3. Dissolve ascorbic acid and vitamin supplement in the 
remaining water in a blender. 
4. Add remaining dry ingredients and blend for 2 min. 
5. Add cooked materials and blend for 2 min. 
6. Pour, solidify, and cut plugs. 
A^vailable Nutritional Biochemicals Corp., Cleveland, Ohio. 
D^issolve 4 g. sorbic acid in 20 ml. 95% ethanol and use 
accordingly (0.2 g. per ml.). 

